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(54) EL DISPLAY PANEL AND EL DISPLAY APPARATUS COMPRISING IT 



(57) In a source driver (1 4) provided in an electrolu- 
minescent (EL) display device of the present invention, 
the gate voltage of a first-stage current source formed 
by a transistor (631 ) is applied to the gate of a transistor 
(632a) which is a second-stage current source situated 
next to the transistor (631) and, as a result, a current 
flowing through the transistor (632a) is transferred to a 
transistor (632b) which is a second-stage current 



source. In addition, the gate voltage of the transistor 
(632b) is applied to the gate of a transistor (633a) which 
is a third-stage current source situated next to the tran- 
sistor (632b) and, as a result, a current flowing through 
the transistor (633a) is transferred to a transistor (633b) 
which is a third-stage current source. The gate of the 
transistor (633b) is provided with a large number of cur- 
rent sources (634) corresponding to the number of bits 
required. 



CO 

o 

m 



CL 
LD 



681 TRANSISTOR GROUP 



CURRENT TRANSFER 63 , 



CURRENT 
f TRANSFER 68 . 1a 
632a 



681b 
633a ^ 



■5> 



H" H 




FIG. 68 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 450 341 A1 



2 



Description 

Technical Field 

[0001] The present invention relates to an EL display 
apparatus employing an organic or inorganic electrolu- 
minescence (EL) device and, more particularly, to an EL 
display apparatus capable of feeding an EL device with 
a desired current, a method of driving the same, and an 
electronic apparatus provided with such an EL display 
apparatus. 

Background Art 

[0002] In general, an active-matrix display apparatus 
has a multiplicity of pixels arranged in matrix and dis- 
plays an image by controlling the intensity of light pixel 
by pixel in accordance with image signals given. When, 
for example, liquid crystal is used as an electro-optic 
substance, the transmittance of each pixel varies in ac- 
cordance with the voltage applied to the pixel. The basic 
operation of an active-matrix image display apparatus 
employing an organic electroluminescence (EL) mate- 
rial as an electro-optic converting substance is the same 
as in the case where liquid crystal is used. 
[0003] A liquid crystal display panel has pixels each 
functioning as a shutter and displays an image by turn- 
ing on/off light from a back light with such a shutter, or 
a pixel. An organic EL display panel is a display panel 
of the self-luminescence type having a light-emitting de- 
vice in each pixel. Such a self-luminescence type dis- 
play panel has advantages over liquid crystal display 
panels, including higher image visibility, no need for a 
back light, and higher response speed. 
[0004] The organic EL display panel controls the lu- 
minance of each light-emitting device (pixel) based on 
the amount of current. Thus, the organic EL display pan- 
el is largely different from the liquid crystal display panel 
in that its luminescent devices are of the current-driven 
type or the current-controlled type. 
[0005] Like the liquid crystal display panel, the organic 
EL display panel can have any one of a simple-matrix 
configuration and an active-matrix configuration. 
Though the former configuration is simple in structure, 
it has a difficulty in realizing a large-scale and high-def- 
inition display panel. However, it is inexpensive. The lat- 
ter configuration can realize a large-scale and high-def- 
inition display panel. However, it has problems of a tech- 
nical difficulty in control and of a relatively high price. 
Presently, organic EL display panels of the active-matrix 
configuration are being developed intensively. Such an 
active-matrix EL panel controls electric current passing 
through the light-emitting device provided in each pixel 
by means of a thin film transistor (TFT) located inside 
the pixel. 

[0006] An organic EL display panel of such an active- 
matrix configuration is disclosed in Japanese Patent 
Laid-Open Publication No. HEI 8-234683 for example. 



Figure 62 shows an equivalent circuit of one pixel por- 
tion of this display panel. Pixel 21 6 comprises an EL de- 
vice 21 5 as a light-emitting device, a first transistor 21 1 a, 
a second transistor 21 1 b, and a storage capacitor 21 9. 
5 Here, the EL device 215 is an organic electrolumines- 
cence (EL) device. 

[0007] In the present description, a transistor for feed- 
ing (controlling) current to an EL device is referred to as 
a driving transistor, while a transistor operating as a 
10 switch like the transistor 211b in Figure 62 referred to 
as a switching transistor. 

[0008] EL device 215 has a rectification property in 
many cases and hence is called OLED (Organic Light- 
Emitting Diode) as the case may be. For this reason, the 

15 EL device 21 5 in Figure 62 is regarded as an OLED and 
represented by the symbol of a diode. 
[0009] In the example shown in Figure 62, the source 
terminal (S) of p-channel transistor 211a is connected 
to Vdd (power source potential), while the cathode (neg- 

20 ative electrode) of the EL device 215 connected to 
ground potential (Vk). On the other hand, the anode 
(positive electrode) is connected to the drain terminal 
(D) of the transistor 211b. The gate terminal of the p- 
channel transistor 211b is connected to a gate signal 

25 line 21 7a, the source terminal connected to a source sig- 
nal line 218, and the drain terminal connected to the 
storage capacitor 219 and the gate terminal (G) of the 
transistor 211a. 

[0010] In order to operate the pixel 216, first, the 

30 source signal line 218 is applied with an image signal 
indicative of luminance information with the gate signal 
line 21 7a turned into a selected state. Then, the transis- 
tor 21 1 b becomes conducting and the storage capacitor 
21 9 is charged or discharged, so that the gate potential 

35 of the transistor 21 1 a becomes equal to the potential of 
the image signal. When the gate signal line 217a is 
turned into an unselected state, the transistor 211a is 
turned off, so that the transistor 21 1 a is electrically dis- 
connected from the source signal line 21 8. However, the 

40 gate potential of the transistor 21 1 a is stably maintained 
by means of the storage capacitor 219. The current 
passing through the EL device 215 via the transistor 
211 a comes to assume a value corresponding to voltage 
Vgs across the gate and the source terminals of the tran- 

45 sistor 1 1 a, with the result that the EL device 21 5 keeps 
on emitting light at a luminance corresponding to the 
amount of current fed thereto through the transistor 
211a. 

[0011] As described above, according to the prior art 
50 configuration shown in Figure 62, one pixel comprises 
one selecting transistor (switching device) and one driv- 
ing transistor. Another prior art configuration is disclosed 
in Japanese Patent Laid-Open Publication No. HEI 
11-327637 for example. This publication describes an 
55 embodiment in which a pixel comprises a current mirror 
circuit. 

[0012] Meanwhile, the organic EL display panel is 
usually manufactured using a low temperature polysili- 
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con transistor array. Since organic EL devices emit light 
based on current, the organic EL display panel involves 
a problem that display irregularities occur if there are 
variations in transistor characteristics. 
[0013] Further, a conventional EL display panel can- 
not sufficiently charge/discharge the parasitic capaci- 
tance which is present in the source signal line 18. For 
this reason there arises a problem that in some cases 
a desired current cannot be fed to pixel 1 6. 
[0014] In addition, it is possible to achieve a reduction 
in display unevenness by employing a pixel configura- 
tion of the current program system. Here, execution of 
a current program requires the provision of a source 
driver of the current driven type. However, even in a 
source driver of the current driven type, variations occur 
to transistor elemental devices which constitute a cur- 
rent output stage. This creates variations in output cur- 
rent from each output terminal, thereby producing the 
problem that image display of better quality is not ob- 
tained. 

[0015] Furthermore, human vision is characterized in 
that sensitivity to variation in brightness is low in a low 
gray scale region while on the other hand sensitivity to 
variation in brightness is high in a high gray scale region. 
If, in a source driver of the current driven type, display 
is carried out at a constant current value increment, this 
represents the problem that it is impossible to provide 
image display natural to human eyes. 

Disclosure of Invention 

[0016] Bearing in mind the above-described prob- 
lems, the present invention was made. Accordingly, an 
object of the present invention is to provide an EL dis- 
play device capable of realizing image display of better 
quality by suppressing variation in output current from 
each output terminal of a source driver. 
[0017] In order to achieve the above-mentioned ob- 
ject, the present invention provides an electrolumines- 
cent (EL) display device. This EL display device com- 
prises: a plurality of source signal lines; a plurality of EL 
elemental devices, each capable of the emission of light 
at a brightness corresponding to a current supplied via 
the source signal line; and a source driver which sup- 
plies a current corresponding to agray scale of an image 
to the EL elemental device via the source signal line, 
the source driver comprising: 

reference signal generating means which gener- 
ates reference signals, 

a first current source which outputs a reference sig- 
nal generated by the reference signal generating 
means in electric current form, and 
a plurality of second current sources provided in as- 
sociation with the source signal lines, each of the 
plurality of second current sources being configured 
such that a reference signal outputted by the first 
current source is transferred in voltage form, 



wherein a current according to the image gray 
scale is generated by the use of a reference signal held 
by each of the second current sources. 
[0018] As a result of such arrangement, variation in 
5 output current from the source driver is suppressed, 
thereby realizing better image display. 
[001 9] Further, in the above-described EL display de- 
vice of the present invention, it is preferable that a plu- 
rality of unit transistors, each of the unit transistors being 
10 so configured as to outputthe reference signal in electric 
current form when selected, are connected to each of 
the second current sources, that the source driver is so 
configured as to select one or more of the unit transistors 
according to the image gray scale, and that the EL dis- 
15 play device is configured such that both a relational ex- 
pression of 40 < K/(St) 1/2 and a relational expression of 
St < 300, where K indicates the number of representable 
gray scales and St (square micrometers) indicates the 
size of the unit transistor, are satisfied. 
20 [0020] As a result of such arrangement, even when 
there occurs variation in output current from the source 
driver, such output current variation is unsusceptible to 
being recognized in the image display. 
[0021] In addition, in the above-described EL display 
25 device of the present invention, it is preferable that the 
plural second current sources are formed in a region the 
area of which does not exceed 2 square millimeters. As 
the result of this arrangement, variation in output current 
from the source driver is held as low as possible. 
30 [0022] Furthermore, in the above-described EL dis- 
play device of the present invention, it is preferable that 
the source driver is provided with a light shielding film 
for preventing the first and second current sources from 
being illuminated with rays of light emitted from the EL 
35 elemental device. It becomes possible to avoid the pho- 
toconductor phenomenon caused by rays of light emit- 
ted from the EL elemental device falling upon the first 
and second current sources. 

[0023] Furthermore, the present invention provides 
40 an electroluminescent (EL) display device. This EL dis- 
play device comprises: a plurality of source signal lines; 
a plurality of EL elemental devices, each capable of the 
emission of light at a brightness corresponding to a cur- 
rent supplied via the source signal line; and a source 
45 driver which supplies a current corresponding to a gray 
scale of an image to the EL elemental device via the 
source signal line, 

the source driver comprising: 

50 a first current output circuit, made up of a plurality 
of unit transistors each operable to output a first unit 
current, for outputting to the EL elemental device a 
desired current by the combination of the first unit 
currents, and 

55 a second current output circuit, made up of a plu- 
rality of unit transistors each operable to output a 
second unit current greater than the first unit cur- 
rent, for outputting to the EL elemental device a de- 
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sired current by the combination of the second unit 
currents, 

wherein, when a gray scale to be displayed is low- 
er than a predetermined gray scale, the first current out- 
put circuit is so operated as to output a corresponding 
current for the gray scale to be displayed, while, when 
a gray scale to be displayed is higher than the predeter- 
mined gray scale, the second current output circuit is so 
operated as to output a corresponding current for the 
gray scale to be displayed, and wherein the EL display 
device is configured such that the first current output cir- 
cuit outputs a given current. 

[0024] As a result of such arrangement, when a gray 
scale to be displayed is lower than a predetermined gray 
scale, display is carried out at increments of a lower cur- 
rent value, while, when a gray scale to be displayed is 
higher than a predetermined gray scale, display is car- 
ried out at increments of a higher current value. As the 
result of this, it becomes possible to provide the display 
characteristic that brightness variation is small in the low 
gray scale region whereas in the high gray scale region 
brightness variation is great, thereby making it possible 
to display an image natural to human eyes. 
[0025] Further, in the above-described EL display de- 
vice of the present invention, it is preferable that the 
magnitude of the second current is not less than four 
times nor more than eight times the magnitude of the 
first current. 

[0026] In addition, in the above-described EL display 
device of the present invention, it is preferable that the 
source driver is provided with a light shielding film for 
preventing the first and second current output circuits 
from being illuminated with rays of light emitted from the 
EL elemental device. 

[0027] Furthermore, electronic equipment in accord- 
ance with the present invention is provided with an EL 
display device and is so configured as to output an im- 
age signal to the EL display device. 
[0028] In addition, the present invention provides an 
EL display device. This EL display device comprises: 

a display region in which EL elemental devices are 
arranged in a matrix, and 

a source driver which supplies in electric current 
form a video signal to the EL elemental device, 

the source driver comprising: 

reference current generating means which gener- 
ates a reference current, 

a first current source which is fed a reference cur- 
rent from the reference current generating means 
and which outputs a first current corresponding to 
the reference current, 

a second current source which is fed a first current 
outputted from the first current source and which 
outputs a second current corresponding to the first 



current, 

a third current source which is fed a second current 
outputted from the second current source and 
which outputs a third current corresponding to the 

5 second current, and 

a plurality of unit current sources each of which is 
fed a third current outputted from the third current 
source, and outputs to the EL elemental device a 
unit current corresponding to the third current in re- 

10 sponse to input image data. 

[0029] The present invention provides an EL display 
device. This EL display device comprises: 

15 a display region in which EL elemental devices are 
arranged in a matrix, and 

a source driver which supplies in electric current 
form a video signal to the EL elemental device, 

20 wherein the source driver has a plurality of unit 

transistors, 

wherein the unit transistor is so configured as to 
output, when selected, a unit current corresponding to 
the magnitude of an input video signal, and 
25 wherein the EL display device is configured such 

that both a relational expression of 40 < K/(St) 1/2 and a 
relational expression of St < 300, where K indicates the 
number of representable gray scales and St (square mi- 
crometers) indicates the size of the unit transistor, are 
30 satisfied. 

[0030] In addition, the present invention provides an 
EL display device. This EL display device comprises: 

a display region in which EL elemental devices are 
35 arranged in a matrix, and 

a source driver which supplies in electric current 
form a video signal to the EL elemental device, 

wherein the source driver has a transistor group 
40 made up of a first transistor and a plurality of second 
transistors in current-mirror connection with the first 
transistor, and 

wherein the transistor group is formed in a region 
the area of which does not exceed 2 square millimeters. 
45 [0031] Furthermore, in the above-described EL dis- 
play device of the present invention, it is preferable that 
the first transistor is made up of a plurality of unit tran- 
sistors, and that the plural unit transistors are formed in 
a region the area of which does not exceed 2 square 
50 millimeters. 

[0032] In addition, the present invention provides an 
EL display device. This EL display device comprises: 

a display region in which pixels each having a re- 
55 spective EL elemental device are arranged in a ma- 
trix, and 

a transistor elemental device formed in the pixel, 
a gate driver for the ON/OFF control of the transistor 
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elemental device, and 

a source driver for supplying a video signal to the 
transistor elemental device, 

wherein the gate driver is formed by a P channel 
transistor, 

wherein the transistor formed in the pixel is a P 
channel transistor, and 

wherein the source driver is formed by a semicon- 
ductor chip. 

[0033] Furthermore, the present invention provides 
an EL display device. This EL display device comprises: 

a display region in which an EL elemental device, a 
drive transistor, a first switching elemental device 
which establishes a path between the drive transis- 
tor and the EL elemental device, and a second 
switching elemental device which establishes a 
path between the drive transistor and a source sig- 
nal line, 

a first gate driver for the ON/OFF control of the first 

switching elemental device, 

a second gate driver for the ON/OFF control of the 

second switching elemental device, and 

a source driver which applies a video signal to the 

transistor elemental device, 

wherein the gate driver is formed by a P channel 
transistor, 

wherein a transistor formed in a pixel and the 
switching elemental devices are P channel transistor el- 
emental devices, and 

wherein the source driver is formed by a semicon- 
ductor chip. 

[0034] Furthermore, in the above-described EL dis- 
play device of the present invention, it is preferable that 
the source driver outputs a video signal in electric cur- 
rent form. 

[0035] Finally, in the above-described EL display de- 
vice of the present invention, it is preferable that the gate 
driver performs shifting operations by four clock signals. 
[0036] These objects as well as other objects, fea- 
tures and advantages of the present invention will be- 
come apparent to those skilled in the art from the follow- 
ing description with reference to the accompanying 
drawings. 

Brief Description of Drawings 
[0037] 

Figure 1 is a diagram illustrating a pixel configura- 
tion of an EL display panel according to the present 
invention. 

Figure 2 is a diagram illustrating a pixel configura- 
tion of an EL display panel according to the present 
invention. 

Figure 3 is an explanatory diagram illustrating an 



operation of an EL display panel according to the 
present invention. 

Figure 4 is an explanatory chart illustrating an op- 
eration of an EL display panel according to the 
5 present invention. 

Figure 5 is an explanatory view illustrating a method 
of driving an EL display apparatus according to the 
present invention. 

Figure 6 is a diagram illustrating a configuration of 
10 an EL display apparatus according to the present 
invention. 

Figure 7 is an explanatory view illustrating a method 
of manufacturing an EL display panel according to 
the present invention. 
15 Figure 8 is a diagram illustrating a configuration of 
an EL display apparatus according to the present 
invention. 

Figure 9 is a diagram illustrating a configuration of 
an EL display apparatus according to the present 

20 invention. 

Figure 1 0 is a sectional view of an EL display panel 
according to the present invention. 
Figure 11 is a sectional view of an EL display panel 
according to the present invention. 

25 Figure 12 is an explanatory chart illustrating an EL 
display panel according to the present invention. 
Figure 1 3 is an explanatory view illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

30 Figure 1 4 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 1 5 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
35 the present invention. 

Figure 1 6 is an explanatory view illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 1 7 is an explanatory chart illustrating a meth- 
40 od of driving an EL display apparatus according to 
the present invention. 

Figure 1 8 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 
45 Figure 1 9 is an explanatory view illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 20 is an explanatory view illustrating a meth- 
od of driving an EL display apparatus according to 
50 the present invention. 

Figure 21 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 22 is an explanatory view illustrating a meth- 
55 od of driving an EL display apparatus according to 
the present invention. 

Figure 23 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
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the present invention. 

Figure 24 is an explanatory view illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 25 is an explanatory chart illustrating a meth- 5 
od of driving an EL display apparatus according to 
the present invention. 

Figure 26 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 
ing to the present invention. 10 
Figure 27 is an explanatory view illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 28 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 15 
ing to the present invention. 
Figure 29 is an explanatory view illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 30 is an explanatory view illustrating a meth- 20 
od of driving an EL display apparatus according to 
the present invention. 

Figure 31 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 25 
Figure 32 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 
ing to the present invention. 
Figure 33 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 30 
ing to the present invention. 
Figure 34 is a diagram illustrating a configuration of 
an EL display apparatus according to the present 
invention. 

Figure 35 is an explanatory chart illustrating a meth- 35 
od of driving an EL display apparatus according to 
the present invention. 

Figure 36 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 40 
Figure 37 is a diagram illustrating a configuration of 
an EL display apparatus according to the present 
invention. 

Figure 38 is a diagram illustrating a configuration of 

an EL display apparatus according to the present 45 

invention. 

Figure 39 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 
ing to the present invention. 

Figure 40 is a diagram illustrating a configuration of 50 
an EL display apparatus according to the present 
invention. 

Figure 41 is a diagram illustrating a configuration of 
an EL display apparatus according to the present 
invention. 55 
Figure 42 is a diagram illustrating a pixel configura- 
tion of an EL display panel according to the present 
invention. 



Figure 43 is a diagram illustrating a pixel configura- 
tion of an EL display panel according to the present 
invention. 

Figure 44 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 
ing to the present invention. 
Figure 45 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 46 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 47 is a diagram illustrating a pixel configura- 
tion of an EL display panel according to the present 
invention. 

Figure 48 is a diagram illustrating a configuration of 
an EL display apparatus according to the present 
invention.' 

Figure 49 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 50 is a diagram illustrating a pixel configura- 
tion of an EL display panel according to the present 
invention. 

Figure 51 is a diagram illustrating a pixel of an EL 
display panel according to the present invention. 
Figure 52 is an explanatory chart illustrating a meth- 
od of driving an EL display apparatus according to 
the present invention. 

Figure 53 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 
ing to the present invention. 

Figure 54 is a diagram illustrating a pixel configura- 
tion of an EL display panel according to the present 
invention. 

Figure 55 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 
ing to the present invention. 
Figure 56 is an explanatory diagram illustrating a 
method of driving an EL display apparatus accord- 
ing to the present invention. 
Figure 57 is an explanatory view illustrating a mo- 
bile phone according to the present invention. 
Figure 58 is an explanatory view illustrating a view 
finder according to the present invention. 
Figure 59 is an explanatory view illustrating a digital 
video camera according to the present invention. 
Figure 60 is an explanatory view illustrating a digital 
still camera according to the present invention. 
Figure 61 is an explanatory view illustrating a tele- 
vision set (monitor) according to the present inven- 
tion. 

Figure 62 is a diagram illustrating a pixel configura- 
tion of a conventional EL display panel. 
Figure 63 is a functional block diagram of a driver 
circuit of the present invention; 
Figure 64 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
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Figure 65 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 66 is an explanatory diagram of a multi-stage 
type current mirror circuit of the voltage transfer sys- 
tem; 5 
Figure 67 is an explanatory diagram of a multi-stage 
type current mirror circuit of the current transfer sys- 
tem; 

Figure 68 is an explanatory diagram of a driver cir- 
cuit in another exemplary embodiment of the 10 
present invention; 

Figure 69 is an explanatory diagram of a driver cir- 
cuit in still another exemplary embodiment of the 
present invention; 

Figure 70 is an explanatory diagram of a driver cir- 15 
cuit in a further exemplary embodiment of the 
present invention; 

Figure 71 is an explanatory diagram of a driver cir- 
cuit in another exemplary embodiment of the 
present invention; 20 
Figure 72 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 73 is an explanatory diagram of a driver cir- 
cuit of the present invention; 

Figure 74 is an explanatory diagram of a driver cir- 25 
cuit of the present invention; 
Figure 75 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 76 is an explanatory diagram of a driver cir- 
cuit of the present invention; 30 
Figure 77 is a diagram serving to explain a method 
for controlling a driver circuit of the present inven- 
tion; 

Figure 78 is an explanatory diagram of a driver cir- 
cuit of the present invention; 35 
Figure 79 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 80 is an explanatory diagram of a driver cir- 
cuit of the present invention; 

Figure 81 is an explanatory diagram of a driver cir- 40 
cuit of the present invention; 
Figure 82 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 83 is an explanatory diagram of a driver cir- 
cuit of the present invention; 45 
Figure 84 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 85 is an explanatory diagram of a driver cir- 
cuit of the present invention; 

Figure 86 is an explanatory diagram of a driver cir- 50 
cuit of the present invention; 
Figure 87 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 88 is a diagram serving to explain a drive 
method of the present invention; 55 
Figure 89 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 90 is a diagram serving to explain a drive 



method of the present invention; 
Figure 91 is a diagram showing a constructional ar- 
rangement of an EL display device of the present 
invention; 

Figure 92 is a diagram showing a constructional ar- 
rangement of an EL display device of the present 
invention; 

Figure 93 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 94 is an explanatory diagram of a driver cir- 
cuit of the present invention; 
Figure 95 is a diagram showing a constructional ar- 
rangement of an EL display device of the present 
invention; 

Figure 96 is a diagram showing a constructional ar- 
rangement of an EL display device of the present 
invention; 

Figure 97 is a diagram showing a constructional ar- 
rangement of an EL display device of the present 
invention; 

Figure 98 is a diagram showing a constructional ar- 
rangement of an EL display device of the present 
invention; 

Figure 99 is a diagram showing a constructional ar- 
rangement of an EL display device of the present 
invention; 

Figure 1 00 is a cross sectional view of an EL display 

device of the present invention; 

Figure 101 is a cross sectional view of an EL display 

device of the present invention; 

Figure 102 is a diagram showing a constructional 

arrangement of an EL display device of the present 

invention; 

Figure 103 is a diagram showing a constructional 
arrangement of an EL display device of the present 
invention; 

Figure 104 is a diagram showing a constructional 
arrangement of an EL display device of the present 
invention; 

Figure 105 is a diagram showing a constructional 
arrangement of an EL display device of the present 
invention; 

Figure 106 is a diagram showing a constructional 
arrangement of an EL display device of the present 
invention; 

Figure 107 is a diagram showing a constructional 
arrangement of an EL display device of the present 
invention; 

Figure 108 is a diagram showing a constructional 
arrangement of an EL display device of the present 
invention; 

Figure 109 is a diagram showing a constructional 
arrangement of an EL display device of the present 
invention; 

Figure 110 is an explanatory diagram of a source 
driver of the present invention; 
Figure 111 is a block diagram of a gate driver of the 
present invention; 
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Figure 112 is a timing chart diagram of the Figure 
111 gate driver; 

Figure 113 is a block diagram depicting a part of a 
gate driver of the present invention; 
Figure 114 is a timing chart diagram of the Figure 
113 gate driver; 

Figure 1 1 5 is a diagram serving to explain a method 
of driving an EL display device of the present inven- 
tion; 

Figure 1 1 6 is a diagram serving to explain a method 
of driving an EL display device of the present inven- 
tion; and 

Figure 1 1 7 is a diagram serving to explain a method 
of driving an EL display device of the present inven- 
tion. 

Best Mode for Carrying Out the Invention 

[0038] Hereinafter, embodiments of the present in- 
vention will be described with reference to the drawings. 
[0039] For easy understanding and/or illustration, 
each of the drawings in this description may have por- 
tions omitted and/or enlarged/reduced. For example, an 
encapsulating film 1 1 1 and the like are shown to be quite 
thick in the sectional view of a display panel at Figure 
11. On the other hand, an encapsulating cover 85 is 
shown to be thin in Figure 10. There are omitted por- 
tions. For example, a display panel or the like according 
to the present invention needs to have a phase film such 
as a circularly polarizing plate for antireflection. Howev- 
er, such a phase film is omitted from the drawings used 
in this description. This holds true for other drawings. 
Like numerals, characters or the like designate parts 
having identical or similar forms, materials, functions or 
operations. 

[0040] It is to be noted that the details to be described 
with reference to the drawings may be combined with 
other embodiments and the like. For example, a touch 
panel or the like may be added to a display panel shown 
in Figure 8 to form an information display apparatus il- 
lustrated in any one of Figs. 19 and 59 to 61. Alterna- 
tively, a magnifying lens 582 may be attached to the dis- 
play panel to form a view finder (see Figure 58) for use 
in a video camera (see Figure 59 and the like). Any one 
of the driving methods to be described with reference to 
Figs. 4, 15, 18, 21 and 23 and like figures is applicable 
to any one of display apparatus or display panels ac- 
cording to the present invention. 
[0041] While driving transistors 11 and switching tran- 
sistors 11 will be described to be thin film transistors in 
this description, they are not limited to thin film transis- 
tors. Each of the transistors 1 1 may comprise a thin film 
diode (TFD), ring diode, or the like. Further, each tran- 
sistor 11 is not limited to such a thin film device but may 
comprise a device formed on a silicon wafer. Of course, 
any one of FET, MOS-FET, MOS transistors and a bipo- 
lar transistor can serve the purpose. These are basically 
thin film transistors. It is needless to say that other de- 



vices such as a varistor, thyrister, ring diode, photodi- 
ode, phototransistor, and PLZT device can serve the 
purpose. That is, each of the switching devices 11 and 
driving devices 1 1 may comprise any one of the devices 
5 mentioned above. 

[0042] As shown in Figure 10, an organic EL display 
panel includes at least one organic functional layer (EL 
layer) 15(15R, 15G and 15B) comprising an electron 
transport layer, a luminescent layer, hole transport layer 
and the like, and a metal electrode (reflective film) (cath- 
ode) 1 06, which are stacked on a glass plate 71 (array 
substrate) formed with a transparent electrode 105 as 
a pixel electrode. The organic functional layer (EL layer) 
15 is caused to emit light by applying the anode consist- 
ing of the transparent electrode (pixel electrode) 105 
and the cathode consisting of the metal electrode (re- 
flective electrode) 1 06 with a positive voltage and a neg- 
ative voltage, respectively; stated otherwise, by apply- 
ing direct current across the transparent electrode 105 
and the metal electrode 106. 

[0043] A high current passes through wiring for feed- 
ing current to the anode or the cathode (cathode wiring 
86 or anode wiring 87 in Figure 8). When the screen size 
of an EL display apparatus is 40 inches for example, a 
current of about 1 00 A passes therethrough. Therefore, 
such wiring needs to have a sufficiently low value of re- 
sistance. To solve this problem, the present invention 
firstly forms thin film wiring to the anode or the like (wir- 
ing for feeding EL devices with a luminescence-causing 
current). The thin film wiring is then thickened with an 
electrolytic plating technique or an electroless plating 
technique. 

[0044] Examples of metals for use in plating include 
chromium, nickel, gold, copper, and aluminum, or alloys, 
amalgams or laminated structures thereof. As the need 
arises, the wiring is added with identical wiring or metal 
wiring comprising wiring and copper foil. Alternatively, 
the wiring is thickened to have decreased wiring resist- 
ance by screen printing over the wiring with copper 
paste or the like to stack the paste or the like thereon. 
The wiring may be reinforced by superposition of addi- 
tional wiring thereon using a bonding technique. As 
needs dictate, a grand pattern may be formed over the 
wiring to form a capacitor therebetween. 
[0045] To feed the anode or cathode wiring with a high 
current, a power wire for supply of a power having a low 
current and a high voltage is routed from current feeding 
means to a location in the vicinity of the anode wiring or 
the like and the power is converted into a power having 
a low voltage and a high current with a DCDC converter 
or the like before being fed to the anode wiring or the 
like. That is, a high-voltage and low-current wire is rout- 
ed from the power source to a power-consuming target 
and the power fed therethrough is converted into a high- 
current and low-voltage power at a location short of 
reaching the power-consuming target. Examples of 
such converter means include a DCDC converter, and 
a transformer. 
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[0046] Preferable materials for the metal electrode 
106 include lithium, silver, aluminum, magnesium, indi- 
um and copper, or their respective alloys or like materi- 
als having low work functions. Particularly preferable is 
an Al-Li alloy for example. On the other hand, the trans- 
parent electrode 105 may comprise a conductor mate- 
rial having a high work function, such as ITO, or gold or 
the like. If gold is used as the electrode material, the 
resulting electrode is translucent. ITO may be substitut- 
ed with another material such as IZO. This holds true 
for other pixel electrodes 1 05. 

[0047] In the vapor deposition of a thin film over the 
pixel electrode 105 or the like, it is convenient to form 
organic EL film 15 in an argon atmosphere. By forming 
a carbon film having a thickness not less than 20 nm 
and not more than 50 nm over ITO as the pixel electrode 
105, an organic EL film can be formed which exhibits 
improved interface stability and satisfactory luminance 
and efficiency of luminescence. The process for forming 
the EL film 15 is not limited to vapor deposition. It is 
needless to say that the EL film 1 5 may be formed using 
an ink jet process. 

[0048] A desiccant 1 07 is placed in the space defined 
between the encapsulating cover 85 and the array sub- 
strate 71 . This is because the organic EL film 1 5 is easily 
affected by humidity. The desiccant 107 absorbs mois- 
ture permeating through sealant thereby preventing the 
organic EL film 15 from deteriorating. 
[0049] Figure 1 0 shows an arrangement of encapsu- 
lation with cover 85 of glass. Encapsulation may be 
achieved using a film (which may be a thin film, i.e., en- 
capsulating thin film) 1 1 1 as shown in Figure 1 1 . An ex- 
ample of such an encapsulating film (encapsulating thin 
film) 111 is a film formed by vapor deposition of DLC 
(diamond-like carbon) on a film for use in electrolytic ca- 
pacitors. This film has very poor water permeability (i.e. 
high moistureproofness) and hence is used as the en- 
capsulating film 111. It is needless to say that an ar- 
rangement in which a DLC film or the like is vapor-de- 
posited directly over the electrode 106 can serve the 
purpose. Alternatively, the encapsulating thin film may 
comprise a multi-layered film formed by stacking a resin 
thin film and a metal thin film on the other. 
[0050] The thickness of the thin film is preferably es- 
tablished so that n* d is not more than the dominant 
wavelength X of light emitted from the EL device 15, 
wherein n represents the refractive index of the thin film 
(if plural thin films are stacked on each other, calculation 
is made with their respective refractive indexes totalized 
(n* d is calculated for each thin film), and d represents 
the thickness of the thin film (if plural thin films are 
stacked on each other, calculation is made with their re- 
spective refractive indexes totalized.) With this condition 
being satisfied, the efficiency in taking light out of EL 
device 15 is twice or more as high as that of the case 
where encapsulation is made with a glass substrate. An 
alloy, mixture or stack of aluminum and silver may be 
formed as the encapsulating thin film. 



[0051] Such encapsulation with encapsulating film 
1 1 1 and without cover 85 as described above is referred 
to as thin film encapsulation. In the thin film encapsula- 
tion to be applied to the case where light is taken out 

5 from the substrate 71 side, which is referred to as down- 
ward takeout (see Figure 1 0 in which the arrow indicates 
the light takeout direction), an aluminum film to be used 
as the cathode is formed over the EL film formed in ad- 
vance. Subsequently, a resin layer to serve as a buffer 

10 layer is formed over the aluminum film. Examples of ma- 
terials for the buffer layer include organic materials such 
as acrylic resin and epoxy resin. The thickness of the 
buffer layer is suitably not less than 1 jum and not more 
than 1 0 jum, more preferably not less than 2 jim and not 

15 more than 6 \im. Further, encapsulating film 74 is formed 
over the buffer film. Without the buffer layer, the struc- 
ture of the EL film would collapse, causing streak-like 
defects to occur. As described above, the encapsulating 
film 1 1 1 comprises, for example, DLC (diamond-like car- 

20 bon) or a layered structure for electrolytic capacitors (a 
multi-layered structure in which a dielectric thin film and 
an aluminum thin film are formed alternately by vapor 
deposition.) 

[0052] In the thin film encapsulation to be applied to 
25 the case where light is taken out from the EL layer 15 
side, which is referred to as upward takeout (see Figure 
10 in which the arrow indicates the light takeout direc- 
tion), an Ag-Mg film to be used as the cathode (or the 
anode) is formed to a thickness not less than 20 ang- 
30 stroms and not more than 300 angstroms over the EL 
film formed in advance. Subsequently, a transparent 
electrode comprising ITO or the like is formed over the 
AG-Mg film to lower the resistance, followed by the for- 
mation of a resin film as a buffer layer over the electrode 
35 film. Further, encapsulating film 111 is formed over the 
buffer film. 

[0053] A half of the amount of light emitted from the 
organic EL layer 15 is reflected by reflective film 106, 
passes through the array substrate 71 , and is then emit- 
40 ted from the panel. However, undesired reflection oc- 
curs due to the reflective film 106 reflecting extraneous 
light, causing the display contrast to lower. As the meas- 
ures to avoid this inconvenience, a XI A plate 1 08 and a 
sheet polarizer (polarizing film) 1 09 are disposed at the 
45 array substrate 71 . These are generally called a circu- 
larly polarizing plate (circularly polarizing sheet). 
[0054] If the pixels comprise a reflective electrode, 
light generated from the EL layer 15 is emitted upward. 
It is therefore needless to say that the phase plate 108 
50 and the sheet polarizer 109 are disposed on the light- 
emitting side in this case. Such reflective-type pixels can 
be obtained by forming pixel electrode 1 05 of aluminum, 
chromium, silver or the like. If the surface of the pixel 
electrode 105 is provided with projections (or projec- 
ts tions and depressions), the interface with the organic 
EL layer 15 is enlarged, which increases the light-emit- 
ting area and improves the luminescence efficiency. It 
should be noted that when it is possible to form a reflec- 
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tive film to serve as cathode 106 (or anode 105) on a 
transparent electrode or reduce the reflectance to 30% 
or lower, the circularly polarizing plate is unnecessary. 
This is because undesired reflection of extraneous light 
is reduced to a large extent. Further, such an arrange- 
ment reduces interference of light and hence is desira- 
ble. 

[0055] Preferably, each transistor 11 employs a LDD 
(lightly doped drain) structure. Though the organic EL 
device (which is variously abbreviated as OEL, PEL, 
PLED, OLED or the like) 15 is exemplified as the EL 
device in this description, it is needless to say that an 
inorganic EL device is applicable to the present inven- 
tion without limitation to the organic EL device. 
[0056] The active-matrix configuration used for the or- 
ganic EL display panel has to satisfy the following two 
conditions: 

(1 ) the active-matrix configuration is capable of se- 
lecting aspecified pixel and giving the pixel required 
information; and 

(2) the active-matrix configuration is capable of 
passing a current through each EL device through- 
out a one-frame period. 

[0057] To satisfy these two conditions, the pixel con- 
figuration of the conventional organic EL device shown 
in Figure 62 uses first transistor 211b as a switching 
transistor for pixel selection and second transistor 21 1 a 
as a driving transistor for feeding EL device (EL film) 
215 with current. 

[0058] In causing this configuration to realize gray- 
scale display, the driving transistor 21 1 a needs to be ap- 
plied a voltage corresponding to a level of gray as a gate 
voltage. Accordingly, fluctuations of on-current in the 
driving transistor 21 1 a are directly reflected in image dis- 
play 

[0059] The on-current in a transistor formed of single 
crystal is extremely invariant, whereas a low-tempera- 
ture polycrystalline transistor, which is formed by the low 
temperature polysilicon technology which enables the 
formation of a transistor on an inexpensive glass sub- 
strate at 450°C or lower, has a threshold voltage varying 
in the range from ±0.2 V to ±0.5 V For this reason, the 
on-current passing through the driving transistor 211a 
fluctuates with variations in threshold voltage, resulting 
in display irregularities. Such irregularities occur due not 
only to variations in threshold voltage but also to varia- 
tions in the mobility, gate insulator thickness or the like 
of the transistor. Also, the characteristics of the transis- 
tor 211 vary as the transistor 211 deteriorates. 
[0060] This phenomenon is possible to occur not only 
with the low temperature polysilicon technology but also 
with other technology including the high temperature 
polysilicon technology using a processing temperature 
of 450°C or higher and the technology of forming a tran- 
sistor using a semiconductor film resulting from solid 
phase (CGS) growth. As well, the phenomenon occurs 



with organic transistors and amorphous silicon transis- 
tors. Therefore, the present invention to be described 
below is directed to configurations or methods capable 
of taking measures depending on those technologies. 
5 In this description, however, transistors of the type 
formed by the low temperature polysilicon technology 
are described mainly. 

[0061] With the method of gray scale display by writ- 
ing with voltage as shown in Figure 62, device charac- 

10 teristics need to be controlled precisely for providing an 
invariant display. With the low temperature polysilicon 
transistor or the like presently available, however, the 
requirement of controlling variations in device charac- 
teristics to within predetermined ranges cannot be sat- 

15 isfied. 

[0062] In the pixel structure of the EL display appara- 
tus according to the present invention, a unit pixel com- 
prises four transistors 11 and an EL device, as specifi- 
cally shown in Figure 1. The pixel electrode is formed 

20 as overlapping the source signal lines. More specifically, 
source signal lines 1 8 are insulated by the formation of 
an insulating film or a planarizing film comprising an 
acrylic material over the source signal lines 1 8, and then 
pixel electrode 1 05 is formed on the insulating film. Such 

25 a structure that a pixel electrode overlaps at least a part 
of source signal lines is called a high aperture (HA) 
structure. This structure can be expected to reduce use- 
less interference light and ensure favorable lumines- 
cence. 

30 [0063] When gate signal line (first scanning line) 17a 
is rendered active (applied with on-voltage) by output- 
ting of a gate signal thereto, the source driver 14 feeds 
EL device 15 with a current having a value required by 
EL device 1 5 through driving transistor 1 1 a and switch- 
es jng transistor 11c associated with the EL device 15. By 
rendering gate signal line 17a active (applying the gate 
signal line with on-voltage) in a manner to shortcircuit 
the gate and the drain of the transistor 1 1 a, the transistor 
11b is opened and, at the same time, the gate voltage 
40 (or the drain voltage) of the transistor 11a is stored in 
capacitor (storage capacitor or additional capacitor) 1 9 
connected between the gate and the source of the tran- 
sistor 11a (see Figure 3(a).) 

[0064] The capacitor 19 intermediate the source (S) 
45 and the gate (G) of the transistor 11a preferably has a 
capacitance of 0.2 pF or more. A structure having ca- 
pacitor 19 formed separately is exemplified as another 
structure. That is, the structure has a storage capacitor 
comprising a capacitor electrode layer, a gate insulator 
50 and gate metal. Such a separately-formed capacitor is 
preferable from the viewpoints of preventing a decrease 
in luminance due to leakage from the transistor 11c and 
stabilizing the display operation. 

[0065] The capacitor (storage capacitor) 19 prefera- 
55 bly has a capacitance not less than 0.2 pF and not more 
than 2 pF, particularly preferably not less than 0.4 pF 
and not more than 1 .2 pF. The capacitance of the ca- 
pacitor 19 is determined in view of a pixel size. Assum- 
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ing that Cs (pF) is the capacitance required for one pixel 
and Sp (square \xm) is the area occupied by one pixel 
(not the effective aperture ratio), Cs and Sp preferably 
satisfy 500/S^Cs^20000/S, more preferably 
1000/Sp^Cs^10000/Sp. Since the capacitance of the 
gate of the transistor is small enough, Q used here is 
the capacitance of the storage capacitor (capacitor) 19 
alone. 

[0066] Preferably, the capacitor 1 9 is formed substan- 
tially in a non-display region located intermediate adja- 
cent pixels. Generally, in the formation of full color or- 
ganic EL devices 15, misalignment of a mask causes 
misregistration of organic EL layers to occur since the 
EL layers are formed using a vapor deposition process 
with a metal mask. Such misregistration might cause or- 
ganic EL layers 15 (15R, 15G and 15B) for respective 
colors to overlap each other. For this reason, adjacent 
pixels for respective colors have to be spaced 1 0 jll or 
more by the non-display region. This region does not 
contribute to luminescence. Therefore, the formation of 
storage capacitor 19 in this region is also effective 
means for improving the effective aperture ratio. 
[0067] Subsequently, gate signal line 1 7a is rendered 
inactive (applied with off-current) and gate signal line 
1 7b rendered active, so that the current path is switched 
to the path including EL device 15 and transistor 1 1 d 
connected to the first transistor 11a and the EL device 
1 5, thereby causing the current stored in the aforemen- 
tioned manner to pass through the EL device 15 (see 
Figure 3(b).) 

[0068] This circuit has four transistors 1 1 in one pixel, 
the transistor 11a having its gate connected to the 
source of the transistor 1 1 b. The gates of the respective 
transistors 11 band 11c are connected to gate signal line 
1 7a. The drain of the transistor 1 1 b is connected to the 
drain of the transistor 11c as well as the source of the 
transistor 11 d. The source of the transistor 11c is con- 
nected to source signal line 1 8. The gate of the transistor 
1 1 d is connected to gate signal line 17b, while the drain 
of the transistor 11 d connected to the anode of the EL 
device 15. 

[0069] All the transistors shown in Figure 1 are p- 
channel transistors. The p-channel transistor is prefer- 
able because it has a high breakdown voltage and is 
hard to deteriorate, though the p-channel transistor ex- 
hibits slightly lower mobility than the n-channel transis- 
tor. However, the present invention does not limit the 
transistors used in the EL device configuration to p- 
channel transistors. It is possible to form the EL device 
configuration using the n-channel transistor exclusively 
The EL device configuration may be formed using the 
n-channel transistor and the p-channel transistor both. 
[0070] In Figure 1 , it is preferable that the transistors 
11c and 11b have the same polarity and are of the p- 
channel type while the transistors 11a and 1 1 d are of 
the n-channel type. Generally, the p-channel transistor 
is characterized in the features including higher reliabil- 
ity and less occurrence of kink current than the n-chan- 



nel transistor. Therefore, use is very effective of the p- 
channel transistor as the transistor 11a associated with 
EL device 15 which is designed to obtain a desired in- 
tensity of luminescence by current control. 
5 [0071] Most preferably, all the transistors forming a 
pixel as well as incorporated gate driver 1 2 are of the p- 
channel type. By thus forming the array with exclusive 
use of p-channel transistors, the number of masks to be 
used is reduced to five, which can make the cost lower 
and the yield higher. 

[0072] For easy understanding of the present inven- 
tion, description will be made of the EL device configu- 
ration according to the present invention with reference 
to Figure 3. The EL device configuration of the present 
invention is controlled with two timings. The first timing 
is timing for storing a required current value. When tran- 
sistors 11b and 11c are turned on at this timing, the 
equivalent circuit of the EL device configuration as- 
sumes the state shown in Figure 3(a). Here, a predeter- 
mined current Iw is written through a signal line. By so 
doing, transistor 1 1 a is turned into a state where the gate 
and the drain are connected to each other and current 
Iw passes through the transistor 1 1 a and transistor 1 1 c. 
Accordingly, the voltage across the gate- source of tran- 
sistor 1 1 a assu mes a value such as to cause current Iw 
to pass. 

[0073] The second timing is timing for closing transis- 
tors 11b and 11c and opening transistor 11 d. Atthistime, 
the equivalent circuit of the EL device configuration as- 
sumes the state shown in Figure 3(b). The voltage 
across the source-gate of transistor 11a is held as it is. 
In this case transistor 11a operates within a saturation 
region at all times and, hence, the value of current as- 
sumes Iw constantly. 

[0074] These operations cause the display apparatus 
to be driven as shown in Figure 5. Reference character 
51a in Figure 5(a) designates a pixel (row) of display 
screen 50 programmed with current at a certain time 
point (written pixel (row).) This pixel (row) 51a is a non- 
lighting (non-display) pixel row as shown in Figure 5(b). 
Other pixels (rows) are display pixels (rows) 53. (That 
is, current is passing through EL devices 15 of the dis- 
play pixels (rows) 53 and the EL devices 1 5 are emitting 
light.) 

[0075] In the case of the pixel configuration shown in 
Figure 1, programming current Iw passes through 
source signal line 18 at the time of current-based pro- 
gramming. The current Iw passes through transistor 1 1 a 
to make voltage setting (programming) of the capacitor 
19 so that a voltage such as to cause the current Iw to 
pass is held. At this time transistor 1 1 d is open (in off- 
state). 

[0076] In a period for allowing current to pass through 
EL device 15, transistors 11c and 11b are turned off 
while transistor 1 1 d turned on, as shown in Figure 3(b). 
Specifically, off-voltage (Vgh) is applied to gate signal 
line 1 7a to turn transistors 1 1 b and 1 1 c off. On the other 
hand, on-voltage (Vgl) is applied to gate signal line 17d 
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to turn transistor 11 d on. 

[0077] The chart of such timing is shown in Figure 4. 
In Figure 4 and the like, a parenthesized additional nu- 
meral (for example, (1)) indicates a row number given 
to a pixel row. Specifically, gate signal line 17a(1) indi- 
cates the gate signal line 17a of pixel row (1). *H ("*" 
represents any character or numeral indicative of the 
number of a horizontal scanning line), which appears in 
the uppermost section of Figure 4, represents a horizon- 
tal scanning period. Specifically, 1 H represents the first 
horizontal scanning period. These matters are for easy 
description and do not limit the number and the period 
of a one -H period, the sequence of pixel rows, and the 
like. 

[0078] As seen from Figure 4, in each pixel row se- 
lected (the period for which the pixel row is in the select- 
ed state is 1H), gate signal line 17b is applied with off- 
voltage, while gate signal line 17a applied with on-volt- 
age. In this period current does not pass through EL de- 
vices 15; that is, the ELdevices 1 5 are in the non-lighting 
state. In each pixel row unselected, on the other hand, 
gate signal line 17a is applied with off-voltage, while 
gate signal line 17b applied with on-voltage. In this pe- 
riod current passes through EL devices 15; that is, the 
EL devices 15 are in the lighting state. 
[0079] The gate of transistor 1 1 b and that of transistor 
11c are connected to the same gate signal line 17a. 
However, they may be connected to different gate signal 
lines (the gate signal lines 1 7a and 1 7c in Figure 32). In 
this case, the number of gate signal lines associated 
with one pixel is three. (The configuration shown in Fig- 
ure 1 has two gate signal lines for one pixel.) By individ- 
ually controlling the on-off timing for the gate of transis- 
tor 1 1 b and that for the gate of transistor 1 1 c, fluctuations 
in the value of current passing through EL devices 15 
due to variations in the characteristics of transistor 11a 
can further be reduced. 

[0080] If gate signal lines 17a and 17b formed into a 
common line and transistors 11c and 11 d are rendered 
different from each other in conductivity type (i.e., n- 
channel type and p-channel type), it is possible to sim- 
plify the driving circuit and improve the effective aperture 
ratio of pixels. 

[0081 ] With such a configuration, the writing path from 
a relevant signal line becomes off atthe operation timing 
according to present invention. If the path allowing cur- 
rent to pass therethrough is branched when a predeter- 
mined value of current is to be written, the value of cur- 
rent is not exactly stored in the capacitor located inter- 
mediate the source (S) and the gate (G) of transistor 
1 1 a. Where transistors 1 1 c and 1 1 d are rendered differ- 
ent in conductivity type from each other, an operation 
becomes possible such that transistor 1 1 d is necessarily 
turned on after transistor 1 1 c has been turned off at tim- 
ing at which a scanning line is switched to another if 
each other's threshold value is controlled. 
[0082] Since the transistors require that each other's 
threshold value be controlled accurately in this case, 



sufficient care is necessary in the manufacturing proc- 
ess. Though the above-described circuit is feasible with 
at least four transistors, a configuration having more 
than four transistors in which transistor 11 e is provided 
5 as cascade-connected as shown in Figure 2 operates 
based on the same operating principle described above. 
Such a configuration with additional transistor 11 e can 
cause a current as exact as programmed through tran- 
sistor 11c to pass through EL device 15. 
w [0083] Variations in the characteristics of transistor 
1 1 a are correlated with the size of the transistor 1 1 a. For 
reduction of such variations in characteristics, the chan- 
nel length of the first transistor 1 1 a is preferably not less 
than 5 |um and not more than 1 00 jam, more preferably 
15 not less than 10 jum and not more than 50 |nm. This is 
because when the channel length L is made longer, the 
grain boundary contained in the channel increases, 
which is presumed to relax the electric field and hence 
lower the kink effect. 
20 [0084] It is preferable that each of the transistors 11 
forming a pixel comprises a polysilicon transistor formed 
through the laser recrystallization method (laser anneal- 
ing) and the channels of all the transistors extend in the 
same direction with respect to the laser irradiation direc- 
ts tion. Further, it is preferable that the laser scans the 
same portion twice or more to form a semiconductor 
film. 

[0085] An object of the present invention is to propose 
a circuit configuration which prevents variations in tran- 

30 sistor characteristics from affecting image display. To at- 
tain this object, four or more transistors are necessary. 
In determining a circuit constant from the characteristics 
of these transistors, it is difficult to determine a suitable 
circuit constant unless the four transistors are made uni- 

35 form in characteristics. A transistor having a channel 
formed to extend in a horizontal direction with respect 
to the longitudinal axis of laser irradiation is different in 
such transistor characteristics as threshold value and 
mobility from a transistor having a channel formed to ex- 

40 tend in a vertical direction with respect to the longitudinal 
axis of laser irradiation. The extent of variations in one 
case is the same as that in the other. The transistor hav- 
ing the channel extending in the horizontal direction and 
the transistor having the channel extending in the verti- 

45 cal direction are different from each other in a mean val- 
ue of mobility and a mean value of threshold. Thus, it is 
desirable that the channel directions of all the transistors 
forming a pixel be the same. 

[0086] Assuming that the capacitance of storage ca- 
50 pacitor 19 is Cs and the value of off current applied to 
the second transistor 11b is loff, Cs and loff preferably 
satisfy the formula: 3<Cs/loff<24. 
[0087] More preferably, they satisfy the formula: 
6<Cs/loff<18. 

55 [0088] The variation in the value of current passing 
through EL devices can be reduced to 2% or less by 
adjusting off current of transistor 11b to 5 pA or lower. 
This is because charge stored between the gate and the 
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source (opposite ends of the capacitor) cannot be main- 
tained for a one-field period when voltage is not written. 
Therefore, with increasing storage capacitance of the 
capacitor 19, allowable off-current increases. The vari- 
ation in the value of current passing through adjacent 
pixels can be reduced to 2% or less by satisfying the 
aforementioned formula. 

[0089] It is preferable that each of the transistors 
forming the active-matrix configuration comprises a p- 
channel polysilicon thin film transistor and transistor 1 1 b 
has a multi-gated structure having at least dual gate. 
Since transistor 11b acts as a switch intermediate the 
source and the drain of transistor 1 1 a, the highest pos- 
sible on/off ratio is required of transistor 11 b. By employ- 
ing such a multi-gated structure having at least dual gate 
for the gate structure of transistor 1 1 b, a high on/off ratio 
characteristic can be realized. 

[0090] It is a general practice to form a semiconductor 
film constituting transistors 11 of pixels 16 through low 
temperature polysilicon technology with laser anneal- 
ing. Variations in laser annealing conditions result in var- 
iations in the characteristics of transistors 11. However, 
if there is uniformity in the characteristics of respective 
transistors 11 in one pixel, a configuration adapted for 
current-based programming as shown in Figure 1 or the 
like is capable of operating so that a predetermined cur- 
rent may pass through EL device 15. This feature is an 
advantage which a voltage-based programming config- 
uration does not have. The laser for use here is prefer- 
ably an excimer laser. 

[0091] In the present invention, the process used to 
form the semiconductor film is not limited to the laser 
annealing process but may be a thermal annealing proc- 
ess or a process based on solid phase (CGS) growth. 
It is needless to say that the present invention can use 
not only the low temperature polysilicon technology but 
also the high temperature polysilicon technology. 
[0092] In order to solve the problem described above, 
annealing is performed in a manner that a laser irradia- 
tion spot (laser irradiation range) 72 extending parallel 
with source signal line 18 is irradiated with laser light. 
Further, the laser irradiation spot 72 is moved so as to 
coincide with one pixel column. Of course, there is no 
limitation to one pixel column. One pixel unit 16 com- 
prising R,G and B may be irradiated with laser light (in 
this case three pixel columns are irradiated). It is possi- 
ble to irradiate plural pixels at a time. It is needless to 
say that the laser irradiation range may be moved in an 
overlapping fashion. (Usually, moving laser irradiation 
range overlaps the preceding laser irradiation spot.) 
[0093] Three pixels for R, G and B are formed to con- 
stitute a square shape. Accordingly, each of the pixels 
for R, G and B is vertically elongated. Thus, annealing 
with vertically elongated laser irradiation spot 72 makes 
it possible to avoid the occurrence of variations in the 
characteristics of transistors 1 1 in one pixel. Further, the 
transistors 11 connected to one source signal line 18 
can be rendered uniform in characteristics (mobility, Vt, 



S value and the like.) (That is, the transistors 11 con- 
nected to one source line 18 can be made substantially 
to agree to each other in characteristics, though there 
may be a case where the transistors 11 connected to 

5 one source signal line 1 8 are different in characteristics 
from those connected to an adjacent signal line 18.) 
[0094] Generally, the length of laser irradiation spot 
72 is a fixed value, for example 10 inches. Since laser 
irradiation spot 72 moves, the panel needs to be posi- 

10 tioned so that one laser irradiation spot 72 can move 
within a range allowing laser irradiation spot 72 to move 
therein. (That is, the panel needs to be positioned so as 
to prevent laser irradiation spots 72 from overlapping 
each other in a central portion of display region 50 of the 

15 panel.) 

[0095] In the arrangement shown in Figure 7, three 
panels are formed as arranged vertically within a range 
corresponding to the length of laser irradiation spot 72. 
An annealing apparatus for irradiation of laser irradiation 

20 spot 72 recognizes positioning markers 73a and 73b 
provided on glass substrate 74 (automatic positioning 
based on pattern recognition) and moves laser irradia- 
tion spot 72. The positioning markers 73 are recognized 
by means of a pattern recognition device. The annealing 

25 apparatus recognizes the positioning markers 73 to find 
the position of a pixel column. (That is, the apparatus 
makes laser irradiation range 72 parallel with source sig- 
nal line 18.) Sequential annealing is performed through 
irradiation of laser irradiation spot 72 positioned coincid- 

30 ing with the position of each pixel column. 

[0096] Use of the laser annealing method (of the type 
adapted for irradiation of a linear laser spot extending 
parallel with source signal line 1 8) described with refer- 
ence to Figure 7 is preferable particularly in manufac- 

35 turing an organic EL display panel of the current-based 
programming type. This is because transistors 11 ar- 
ranged parallel with a source signal line are uniform in 
characteristics. (That is, the characteristics of one pixel 
transistor are approximate to those of a vertically adja- 

40 cent pixel transistor.) For this reason fluctuations in the 
voltage level of a source signal line which occur in cur- 
rent-based driving are small and, hence, insufficient 
writing with current is not likely to occur. 
[0097] In the case of white raster display for example, 

45 a current to be passed through transistor 1 1 a of one pix- 
el is substantially equal to a current to be passed 
through transistor 11a of an adjacent pixel and, there- 
fore, the amplitude of a current outputted from source 
driver 14 varies little. If transistors 11a in Figure 1 are 

50 uniform in characteristics and the values of currents for 
programming pixels of a pixel column are equal to each 
other, fluctuations in the potential of source signal line 
18 do not occur. Accordingly if the transistors 11a con- 
nected to one source signal line 1 8 are substantially uni- 

55 form in characteristics, fluctuations in the potential of the 
source signal line 18 are small. This also holds true for 
other pixel configurations of the current-based program- 
ming type as shown in Figure 38 and the like. (This 
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means that use of the manufacturing method illustrated 
in Figure 7 is preferable.) 

[0098] Uniform image display can also be realized by 
a configuration of the type adapted for writing to plural 
pixel rows at a time to be described with reference to 
Figure 27 or 30 or the like. This is mainly because dis- 
play irregularities due to variations in transistor charac- 
teristics are not likely to occur. Since the configuration 
shown in Figure 27 or the like selects plural pixel rows 
at a time, driver circuit 14 can accommodate variations 
in the characteristics of transistors arranged vertically if 
the transistors of adjacent pixel rows are uniform. 
[0099] Though the source driver 1 4 is formed as com- 
prising an IC chip as shown in Figure 7, the formation 
of source driver 14 is not limited thereto. It is needless 
to say that source driver 1 4 may be formed together with 
pixels 16 in the same process. 

[0100] In the present invention, particularly, the 
threshold voltage Vth2 of transistor 11b is established 
so as not to be lower than the threshold voltage Vth1 of 
transistor 1 1 a associated with transistor 1 1 b in one pixel. 
For example, the gate length L2 of transistor 11b is 
made longer than the gate length L1 of transistor 1 1 a so 
that Vth2 may not become lower than Vth1 even when 
the process parameters of these thin film transistors 
vary. By so doing, faint leakage current can be inhibited 
to occur. 

[0101] The above-described features are also appli- 
cable to the current mirror pixel configuration shown in 
Figure 38. The configuration shown in Figure 38 com- 
prises driving transistor 11a allowing signal current to 
pass therethrough, driving transistor 11b for controlling 
driving current to be passed through a light-emitting de- 
vice comprising EL device 1 5 or the like, take-in transis- 
tor 11c for connecting or disconnecting the pixel circuit 
to or from a data line (data) by control over gate signal 
line 1 7a1 , switching transistor 1 1 d for shortcircuiting the 
gate and the drain of transistor 1 1 a during a writing pe- 
riod by control over gate signal line 17a2, storage ca- 
pacitor 1 9 for holding a voltage across the gate and the 
source of transistor 1 1 a even after completion of writing 
of the voltage, and EL device 15 as a light-emitting de- 
vice. 

[0102] Though transistors 11c and 11 d are n-channel 
transistors while other transistors are p-channel transis- 
tors in Figure 38, this feature is a mere example and the 
configuration need not necessarily have this feature. 
Though the storage capacitor 19 has one terminal con- 
nected to the gate of transistor 1 1 a and the other termi- 
nal connected to Vdd (power supply potential), the stor- 
age capacitor 1 9 may be connected to any fixed poten- 
tial instead of Vdd. The cathode (negative electrode) of 
EL device 15 is connected to the ground potential. 
[0103] Description will be made of an EL display panel 
and an EL display apparatus according to the present 
invention. Figure 6 is an explanatory diagram mainly il- 
lustrating the circuit of the EL display apparatus. Pixels 
16 are arranged or formed in a matrix pattern. Each pixel 



1 6 is connected to source driver 1 4 adapted to output a 
current for current-based programming of each pixel 1 6. 
The source driver 14 has an outputting section formed 
with current mirror circuits corresponding to the number 
5 of bits of an image signal as gray scale data, as will be 
described later. For example, if there are 64 gray-levels, 
each source signal line is formed with 63 current mirror 
circuits. The source driver 1 4 is configured to be capable 
of applying a desired current to source signal line 1 8 by 
selecting a current mirror circuits count. 
[0104] The minimum output current of one current 
mirror circuit is set to be not more than 10 nA and not 
less than 50 nA. It is particularly preferable to set the 
minimum output current of one current mirror circuit to 
be not more than 15 nA and not less than 35 nA. This 
is because such setting can ensure correct functioning 
of the transistors forming the current mirror circuits in 
the source driver 14. 

[0105] The source driver 14 incorporates a precharge 
or discharge circuit for forcibly charging or discharging 
source signal line 1 8. The precharge or discharge circuit 
for forcibly charging or discharging source signal line 1 8 
is preferably configured to be capable of setting output 
voltage (current) values for respective of R, G and B in- 
dependently. This is because EL devices 15 for R, G 
and B have different threshold values. 
[0106] Organic EL devices are known to have high 
temperature dependence. In order to control variations 
in luminance intensity due to such temperature depend- 
ence, the current mirror circuits are provided with a non- 
linear device, such as thermistor or posister, for varying 
the output current. A reference current is generated in 
an analog fashion by adjusting variations due to the tem- 
perature dependence by means of the thermistor or the 
like. 

[0107] In the present invention, source driver 14 com- 
prises a semiconductor chip and is connected to termi- 
nals of sourcesignal lines 1 8 on substrate 71 by the Chip 
On Glass (COG) technology. Metal wires of chromium, 
aluminum, silver or the like are used for wiring of signal 
lines including source signal lines 18. This is because 
such a wire offers a low resistance with a small wiring 
width. In the case where the pixels are of the reflection 
type, it is preferable that such wiring is made of the same 
material as the reflective film of the pixels and formed 
at the same time with the formation of the reflective film. 
By so doing, the process can be simplified. 
[0108] The technology for use in mounting source 
driver 14 is not limited to the COG technology. It is pos- 
sible that the source driver 14 is mounted by the Chip 
On Film (COF) technology and connected to signal lines 
of the display panel. A drive IC may comprise three 
chips, with a power supply IC 82 being formed separate- 
ly. 

[0109] On the other hand, the gate driver 12 is formed 
by the low temperature polysilicon technology. This 
means that the gate driver 12 is formed along with the 
transistors of the pixels by the same process. This is 
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because the gate driver 12 has a simple internal struc- 
ture and a low working frequency as compared to the 
source driver 14. Therefore, the gate driver 12 can be 
formed easily even by the low temperature polysilicon 
technology, which leads to the frame made narrower. Of 
course, it is needless to say that the gate driver 1 2 may 
comprise a silicon chip and may be mounted on the sub- 
strate 71 by utilizing the COG technology. The gate driv- 
er, switching devices including a pixel transistor, and like 
components may be formed by the high temperature 
polysilicon technology, or they may be formed using an 
organic material (organic transistor). 
[01 1 0] The gate driver 1 2 incorporates a shift register 
circuit 61a for gate signal line 17a, and a shift register 
circuit 61b for gate signal line 17b. Each shift register 
61 is controlled using clock signals of positive and neg- 
ative phases (CLKxP and CLKxN) and start pulse (STx). 
Preferably, there are additionally used an enable signal 
(ENABL) for controlling outputting/non-outputting from 
gate signal lines and an up-down (UPDOWN) signal for 
reversing the shifting direction up and down. It is also 
preferable to provide an output terminal or the like for 
checking whether the start pulse has been shifted by the 
shift register and outputted therefrom. The timing for 
shifting by the shift register is controlled using a control 
signal from control IC 81 . The gate driver 12 further in- 
corporates a level shifting circuit for shifting an extrane- 
ous data level, and an inspection circuit. 
[0111] Since the shift register circuit 61 has a low buff- 
er capacity, the shift register circuit 61 cannot directly 
drive gate signal lines 17. For this reason, at least two 
inverter circuits 62 are formed between the output of the 
shift register 61 and an associated output gate 63 adapt- 
ed to drive gate signal line 17. 

[0112] Similarly, in the case where the source driver 
14 is formed directly on the substrate 71 by such poly- 
silicon technology as the low temperature polysilicon 
technology, plural inverter circuits are formed between 
an analog switch gate such as a transfer gate for driving 
source signal line 18 and a shift register of the source 
driver 14. The source driver and the gate driver share 
the following feature (i.e., the feature related to an in- 
verter circuit provided between the output of a shift reg- 
ister and an outputting section (including an output gate 
or a transfer gate)) adapted to drive signal lines. 
[0113] Though an output of the source driver 14 is 
shown to connect directly to source signal line 1 8 in Fig- 
ure 6 for example, actually the output of the shift register 
of the source driver is connected to multiple inverter cir- 
cuits, the outputs of which are connected to analog 
switch gates such as transfer gates. 
[01 1 4] Each inverter circuit 62 comprises a p-channel 
MOS transistor and an n-channel MOS transistor. As de- 
scribed above, an output terminal of shift register 61 of 
the gate driver 12 is connected to multiple inverter cir- 
cuits 62 and the output of the final inverter circuit is con- 
nected to associated output gate circuit 63. Each invert- 
er circuit 62 may comprise transistors of p-channel type 



only. In this case, inverter circuit 62 may serve as a mere 
gate circuit but not as an inverter. 
[0115] Figure 8 is a diagram illustrating an arrange- 
ment for supply of signals and voltage in the display ap- 

5 paratus or the configuration of the display apparatus ac- 
cording to the present invention. Signals from control IC 
81 are fed to source driver 14a (power supply wiring, 
data wiring or the like) through flexible board 84. 
[0116] In Figure 8, control signals for gate driver 12 

10 are generated at control IC 81, level-shifted at source 
driver 14 and then applied to gate driver 12. Since the 
driving voltage of source driver 14 ranges from 4 to 8 
(V), a control signal having an amplitude of 3.3 (V) can 
be converted into a signal having an amplitude of 5 (V), 

15 which can be received by gate driver 12. 

[0117] Source driver 1 4 is preferably provided therein 
with image memory. The image memory may store im- 
age data previously subjected to an error diffusion proc- 
ess or a dither process. Such an error diffusion process 

20 or dither process can convert 260,000-color display data 
into, for example, 4096-color display data, thereby con- 
tributing to a reduction in the capacity of the image mem- 
ory. The error diffusion process or the like can be 
achieved with error diffusion controller 81. Image data 

25 may be subjected to the dither process and then further 
subjected to the error diffusion process. The matter de- 
scribed above holds true for a reverse error diffusion 
process. 

[0118] Though the component 14 in Figure 8 or the 

30 like is referred to as the source driver, the component 
1 4 may incorporate not only a mere driver circuit but also 
a power supply circuit, buffer circuit (including such a 
circuit as a shift register), data converter circuit, latch 
circuit, command decoder, shift circuit, address transla- 

35 tor circuit, image memory or the like. It is needless to 
say that a three-side-free arrangement (structure) and 
a driving method, which will be described with reference 
to Figure 9 and the like, are applicable to the configura- 
tion described with reference to Figure 8. 

40 [0119] For the display panel to be used in an informa- 
tion display apparatus such as a mobile phone, it is pref- 
erable that source driver (circuit) 1 4 and gate driver (cir- 
cuit) 1 2 are mounted (formed) on one side of the display 
panel. (It should be noted that an arrangement such that 

45 driver ICs (circuits) are mounted (formed) on one side 
of a panel is referred to as a three-side-free arrange- 
ment (structure). It has been a conventional practice to 
mount gate driver 12 and source driver 14 on X-side and 
Y-side, respectively, of a display region.) The three-side- 

50 free arrangement allows the center line of screen 50 to 
coincide with the center line of the display apparatus 
easily and makes the mounting of driver ICs easy. The 
gate driver may be formed in a three-side-free arrange- 
ment by the high temperature or low temperature poly- 

55 silicon technology. (That is, at least one of source driver 
14 and gate driver 12 shown in Figure 9 is formed di- 
rectly on substrate 71 by the polysilicon technology.) 
[0120] The term "three-side-fiee arrangement" is 
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meant to include not only an arrangement having ICs 
mounted or formed directly on substrate 71 but also an 
arrangement in which a film attached with source driver 
(circuit) 14, gate driver (circuit) 12 and the like (by TCP 
or TAB technology) is bonded to one side (or essentially 
one side) of substrate 71 . That is, the term "three-side- 
free arrangement" is meant to include any arrangement 
or disposition having two sides on which any IC is not 
mounted or fitted as well as all arrangements similar 
thereto. 

[0121] When gate driver 12 is disposed beside source 
driver 1 4 as shown in Figure 9, gate signal lines 1 7 need 
to be arranged along side C. 

[0122] The portion indicated by thick solid line in Fig- 
ure 9 and the like is a portion in which gate signal lines 
are formed side by side. Accordingly, the portion desig- 
nated by reference character b (lower portion in the fig- 
ure) is formed with parallel gate signal lines 17 in the 
number shown, while the portion designated by refer- 
ence character a (an upper portion in the figure) is 
formed with one gate signal line 17. 
[0123] The pitch at which gate signal lines 17 are 
formed on C side is not less than 5 \xm and not more 
than 12 jiim. If the pitch is less than 5 jum, noise occurs 
at an adjacent gate signal line by the influence of para- 
sitic capacitance. According to an experiment, the influ- 
ence of parasitic capacitance becomes significant when 
the pitch is 7 jum or less. When the pitch further decreas- 
es to a value less than 5 jum, image noise such as beat 
noise occurs vigorously on the display screen. Particu- 
larly, noise occurs differently between the right-hand 
side and the left-hand side of the screen and it is difficult 
to reduce such image noise as beat noise. On the other 
hand, if the pitch exceeds 12 the frame width D of 
the display panel becomes so large that the display pan- 
el cannot be put to practical use. 
[0124] The aforementioned image noise can be re- 
duced by providing a ground pattern (which is a conduc- 
tive pattern set to have a fixed voltage or a stabilized 
potential as a whole) as a layer underlying or overlying 
the portion formed with gate signal lines 1 7. Alternative- 
ly, a separately-formed shielding plate or foil (which is a 
conductive pattern set to have a fixed voltage or a sta- 
bilized potential as a whole) should be placed over gate 
signal lines 1 7. 

[0125] Though the gate signal lines 1 7 formed on side 
C in Figure 9 may comprise an ITO electrode each, each 
of them preferably comprise a stack of ITO film and met- 
al thin film so as to have decreased resistance. Alterna- 
tively, each gate signal line preferably comprises a metal 
film. In stacking metal thin film on ITO, a titanium film is 
formed over ITO and then a thin film of aluminum or of 
alloy comprising aluminum and molybdenum is formed 
over the titanium film. Alternatively, a chromium film is 
formed over ITO. In the case where each gate signal 
line comprises metal film, the metal film comprises an 
aluminum thin film or a chromium thin film. The matters 
described above hold true for other embodiments of the 



present invention. 

[0126] There is no limitation to the arrangement 
shown in Figure 9 or the like in which gate signal lines 
19 are disposed (or formed) on one side of display re- 

5 gion 50. Gate signal lines 19 may be disposed (or 
formed) on opposite sides of display region 50. For ex- 
ample, it is possible that gate signal lines 17a are dis- 
posed (or formed) on the right-hand side of display re- 
gion 50 while gate signal lines 1 7b disposed (or formed) 

10 on the left-hand side of display region 50. The matter 
thus described hold true for other embodiments. 
[0127] Source driver 14 and gate driver 12 may be 
formed into a single chip. With such a single chip, it is 
sufficient to mount a single IC chip on the display panel. 

15 Accordingly, the mounting cost can be reduced. In ad- 
dition, different voltages to be used in the single chip 
driver IC can be generated at a time. 
[0128] There is no limitation to the above-described 
feature that source driver 1 4 and gate driver 1 2 are each 

20 formed from a semiconductor wafer such as silicon and 
then mounted on the display panel. It is needless to say 
that they may be formed directly on display panel 82 by 
the low temperature polysilicon technology or the high 
temperature polysilicon technology. 

25 [0129] In the configuration shown in Figure 1 or the 
like, EL device 1 5 is connected to Vdd potential through 
transistor 11a. Such a configuration, however, involves 
a problem of different driving voltages to be applied to 
organic EL devices for developing respective colors. For 

30 example, when a current of 0.01 (A) is allowed to pass 
per unit cm 2 , the terminal voltage of EL device for blue 
(B) assumes 5 (V) while that of each of EL devices green 
(G) and red (R) assumes 9 (V). That is, G and R are 
different from B in terminal voltage. Therefore, B is dif- 

35 ferent from G and R in the source-drain voltage (SD volt- 
age) of transistor 11a to be held. For this reason, the 
transistors associated with respective color EL devices 
have different off-leak currents due to different source- 
drain voltages (SD voltages). When such off-leak cur- 

40 rents occur with a difference in off-leak characteristic be- 
tween EL devices for respective colors, a complicated 
display state results where flicker occurs with the colors 
being out of balance and the gamma characteristic de- 
viates in accordance with the correlation with the color 

45 of emitted light. 

[0130] To deal with this problem, an arrangement is 
employed such that the potential at the cathode of at 
least one of R, G and B devices is made different from 
that at the cathode of each of the other devices. Alter- 
so natively, another arrangement may be employed such 
that the Vdd potential of at least one of R, G and B de- 
vices is made different from that of each of the other 
devices. 

[0131] It is needless to say that terminal voltages of 
55 EL devices for R, G and B are preferably made as equal 
to each other as possible. Materials and structures 
needs to be selected so that the terminal voltages of R, 
G and B devices assume respective values not higher 
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than 10 (V) on condition that the devices each exhibits 
a white peak luminance and the color temperatures of 
the respective devices are in the range not lower than 
7000 K and not higher than 12,000 K. Further, the dif- 
ference between the maximum terminal voltage and the 
minimum terminal voltage of the EL devices for R, G and 
B need be not more than 2.5 (V), preferably not more 
than 1 .5 (V). While the foregoing embodiment uses the 
colors of R, G and B, there is no limitation to these 
colors. This will be described later. 
[0132] While the pixels are adapted to develop the 
three primary colors, namely R, G and B, they may be 
adapted to develop three colors, namely cyan, yellow 
and magenta. It is possible to use two colors, namely B 
and yellow. Of course, it is possible to use a monochro- 
matic color. It is possible to use six colors, namely R, G, 
B, cyan, yellow and magenta. It is also possible to use 
five colors, namely R, G and B, cyan and magenta. 
These colors offer widened color reproducible ranges of 
natural colors and hence are capable of realizing favo- 
rable display. Another possible combination of colors in- 
cludes four colors, namely R, G, B and white. Yet anoth- 
er possible combination of colors includes seven colors, 
namely R, G, B, cyan, yellow, magenta, black and white. 
It is possible that white light emitting pixels are formed 
(or made) throughout display region 50 and R, G and B 
color filters are provided on the pixels to realize a three- 
primary-color display. In this case it is sufficient to stack 
light-emitting materials for respective colors on EL lay- 
ers. Alternatively, each pixel is dividedly painted with B 
and yellow for example. As described above, the El dis- 
play apparatus according to the present invention is not 
limited to color display based on the R, G and B three 
primary colors. 

[0133] Three major methods can be used in causing 
an organic EL display panel to realize color display, and 
the color conversion method is one of them. According 
to this method, it is sufficient to form a single lumines- 
cent layer for blue and the other colors, namely green 
and red, required for full color display are produced by 
color conversion from blue light. Accordingly, there is no 
need to provide layers painted into R, G and B sepa- 
rately. This method has an advantage that there is no 
need to provide a set of organic EL materials for respec- 
tive of R, G and B. The color conversion method is free 
of a decrease in production yield, which is essential to 
the separately painting method. Either method is appli- 
cable to the EL display panel and the like according to 
the present invention. 

[0134] In addition to the pixels for the three primary 
colors, white-light-emitting pixels may be formed. Such 
a white-light-emitting pixel can be realized by stacking 
light-emitting structures for R, G and B on each other. A 
set of pixels comprises pixels for the R, G and B three 
primary colors and a white-light-emitting pixel 1 6W. The 
formation of such a white-light-emitting pixel makes it 
easy to develop a white light peak luminance. Thus, bril- 
liant image display can be realized. 



[0135] In forming a set of pixels for the R, G and B 
three primary colors or like colors, the pixels for the re- 
spective colors are preferably made to have respective 
pixel electrodes having different areas. Of course, the 

5 pixel electrodes may have equal areas if the emission 
efficiencies of the respective colors are well-balanced 
and the color purities of the respective colors are also 
well-balanced. If one or plural colors are ill-balanced, it 
is preferable to adjust the light-emitting surface areas of 

10 the respective pixel electrodes. The light-emitting sur- 
face areas of the pixel electrodes for the respective 
colors should be determined based on their current den- 
sities. Specifically, on condition that white balance is ad- 
justed in a state where the color temperatures are within 

15 the range not lower than 7000 K (Kelvin) and not higher 
than 1 2,000 K, the difference in current density between 
the pixel electrodes for the respective colors is adjusted 
to within ±30%, preferably ±15%. If the current density 
of the pixel electrode for one color is 100 A/m 2 for ex- 

20 ample, the current density of the pixel electrode for any 
one of the three primary colors is made to assume a 
value not less than 70 A/m 2 and not more than 130 A/ 
m 2 , more preferably not less than 85 A/m 2 and not more 
than 115 A/m 2 . 

25 [0136] Organic EL device 15 is a self-luminescent de- 
vice. When light of luminescence becomes incident on 
a transistor serving as a switching device, a photocon- 
ductor phenomenon occurs. The photoconductor phe- 
nomenon is a phenomenon that leakage at a switching 
30 device, such as a transistor, in an off-state (off-leak) in- 
creases due to optical excitation. 
[01 37] To deal with this problem, the present invention 
forms a light-shielding film underlying gate driver 12 
(source driver 14 in some cases) and pixel transistors 
35 11. The light-shielding film comprises a metal thin film 
such as chromium and has a thickness not less than 50 
nm and not more than 150 nm. If the film thickness is 
too small, the film has a poor light-shielding effect. On 
the other hand, if the film thickness is too large, uneven- 
40 ness occurs, which makes the patterning of overlying 
transistors 11a difficult. 

[01 38] A planarization film having a thickness not less 
than 20 nm and not more than 1 00 nm, which comprises 
an inorganic material, is formed over the light-shielding 
45 film. One electrode of storage capacitor 19 may be 
formed using the layer of this light-shielding film. In this 
case the planarization film is preferably made as thin as 
possible so that the storage capacitor has a larger ca- 
pacitance. Alternatively, it is possible that the light- 
50 shielding film is formed from aluminum and a silicon ox- 
ide film is formed over the surface of the light-shielding 
film by utilizing the anodic oxidation technique for use 
as a dielectric film of storage capacitor 19. On the 
planarization film are formed pixel electrodes of a high 
55 aperture (HA) structure. 

[0139] The driver circuit 12 and the like should inhibit 
penetration of light not only from the reverse side but 
also from the obverse side. This is because malfunction 
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of such a circuit is caused by the influence of the pho- 
toconductor phenomenon. For this reason, in the 
present invention, when the cathode comprises a metal 
film, the drivers 12 and the like are formed with such a 
cathode electrode covering the surface thereof to serve 
as the light-shielding film. 

[01 40] However, the formation of such a cathode over 
the drivers 1 2 possibly causes a malfunction of the driv- 
ers due to an electric field produced from the cathode 
or an electric contact between the cathode and the driv- 
er circuit. To deal with this problem, the present inven- 
tion forms at least one organic EL film layer, preferably 
a plurality of organic EL film layers over the driver cir- 
cuits 1 2 and the like at the same time with the formation 
of the organic EL film over pixel electrodes. 
[0141] Since such an organic EL film is basically an 
insulator, the formation of the organic EL film over the 
drivers isolates the drivers from the cathode, thus over- 
coming the aforementioned problem. 
[0142] When shortcircuiting occurs between termi- 
nals of one or more transistors 11 or between a signal 
line and a transistor 1 1 , EL device 1 5 associated there- 
with lights constantly and such a pixel may become a 
luminescent spot. Since this luminescent spot is visually 
prominent, the luminescent spot needs to be turned into 
a black spot (or turned into the non-lighting state.) The 
pixel 1 6 constituting such a luminescent spot is detected 
and then the capacitor 19 of the pixel 16 is irradiated 
with laser light so that the terminals thereof are short- 
circuited. By so doing, the capacitor 19 becomes inca- 
pable of holding charge and, hence, the transistor 11a 
cannot allow current to pass therethrough any more. 
[0143] It is desirable that the cathode film situated in 
a region to be irradiated with laser light be removed in 
advance in order to prevent a terminal electrode of the 
capacitor 19 from shortcircuiting with the cathode film. 
[01 44] A defect of transistor 1 1 of pixel 1 6 affects the 
driver circuit 1 4 or the like. For example, when a source- 
drain (SD) shortcircuit 562 occurs at driving transistor 
11a as shown in Figure 56, the source driver 14 is ap- 
plied with Vdd voltage of the panel. For this reason, the 
supply voltage of the source driver 14 is preferably set 
equal to or higher than the supply voltage Vdd of the 
panel. It is preferable to employ an arrangement capa- 
ble of controlling the reference current to be used in the 
source driver 14 by means of an electron volume 561. 
[0145] When SD shorcircuit 562 occurs at transistor 
1 1 a, an excessive current passes through EL device 15. 
This causes the EL device 15 to light constantly (to be- 
come a luminescent spot). Such a luminescent spot is 
visually prominent as a defect. In Figure 56 for example, 
when a source-drain (SD) shortcircuit occurs at transis- 
tor 1 1 a, current from the Vdd voltage keeps on passing 
through the EL device 1 5 (while the transistor 1 1 d is on.) 
Accordingly, the EL device 15 becomes a luminescent 
spot. 

[0146] Further, such a SD shorcircuit at the transistor 
1 1 a causes the Vdd voltage to be applied to source sig- 



nal line 1 4, hence, to the source driver 1 4 while the tran- 
sistor 1 1 c is on. If the supply voltage of the source driver 
14 is lower than Vdd, the source driver 14 might be bro- 
ken down due to a voltage exceeding the withstand volt- 
5 age. For this reason, the supply voltage of the source 
driver 14 is preferably set equal to or higher than the 
Vdd voltage (which is the higher voltage applied to the 
panel.) 

[0147] The SD shortcircuit or a like defect at transistor 

10 11a may result in the breakdown of the source driver of 
the panel as well as a spot defect. A luminescent spot, 
which is visually prominent, makes the panel faulty. For 
this reason, it is necessary to turn such a luminescent 
spot into a black defect by cutting off the wiring intercon- 

15 necting transistor 1 1 a and EL device 1 5. Optical means 
such as laser light may be used to cut off the wiring. 
[0148] Though wiring is cut off in the above embodi- 
ment, the means for changing a luminescent spot into 
a black display spot is not limited thereto. As can be un- 

20 derstood from Figure 1 for example, a modification may 
be made so that the supply voltage Vdd for transistor 
1 1 a is constantly applied to the gate (G) terminal of the 
transistor 1 1 a. For example, if the opposite terminals of 
the capacitor 19 are shortcircuited, the Vdd voltage is 

25 applied to the gate (G) terminal of transistor 11a. Ac- 
cordingly, the transistor 1 1 a is kept in complete off state 
and hence does not allow current to pass through the 
EL device 15 any more. This can be easily realized 
through laser irradiation of capacitor 19, which can 

30 shortcircuit the capacitor electrodes. 

[01 49] Further, since the Vdd wiring actually underlies 
the pixel electrode, the display condition of the pixel can 
be controlled (or modified) through irradiation of the Vdd 
wiring and the pixel electrode with laser light. 

35 [0150] Additionally, turning a luminescent spot into a 
black defect can also be realized by making open the 
channel between the source and the drain of the tran- 
sistor 11a. Briefly, the transistor 11a is irradiated with 
laser light to make the channel thereof open. Similarly, 

40 the channel of the transistor 1 1 d may be opened. When 
the channel of the transistor 11b is opened, the associ- 
ated pixel 1 6 cannot be selected and hence becomes a 
black display. 

[0151] In order to turn pixel 1 6 into a black display, the 
45 EL device 15 may be deteriorated. For example, laser 
light is applied to the EL layer 15 to deteriorate the EL 
layer physically or chemically, thereby making the EL 
layer 1 5 incapable of luminescence (constant black dis- 
play.) Irradiation with laser light can heat the EL layer 
50 15 thereby deteriorating it easily. Use of an excimer la- 
ser can cause a chemical change of the EL layer 15 to 
take place easily. 

[0152] While the pixel configuration shown in Figure 
1 is exemplified in the above-described embodiment, 
55 the present invention is not limited thereto. It is needless 
to say that the art of making wiring or electrodes open 
or shortcircuited by the use of laser light is applicable to 
other current-driven pixel configurations such as a cur- 



18 



35 



EP 1 450 341 A1 



36 



rent mirror circuit configuration and voltage-driven pixel 
configurations as shown in Figure 62 or 51 or the like. 
[0153] A method of driving the pixel configuration 
shown in Figure 1 will be described below. As shown in 
Figure 1, gate signal line 17a assumes a conducting 
state during a row selecting period, while gate signal line 
17b assumes a conducting state during an unselecting 
period. (Here, application of a low-level voltage causes 
gate signal line 1 7 to assume the conducting state since 
the transistors 11 in Figure 1 are p-channel transistors.) 
[0154] Parasitic capacitance (not shown) is present in 
source signal line 1 8. Such parasitic capacitance is pro- 
duced due to a capacitance at each of the intersections 
of source signal line 1 8 and gate signal lines 1 7, a chan- 
nel capacitance at each of transistors 11b and 11c, or 
the like. 

[0155] Time t required for the value of current at 
source signal line 1 8 to vary is found from the equation: 
t = C-V/l, where C represents the value of parasitic ca- 
pacitance, V represents a voltage applied to source sig- 
nal line 18 and I represents a current passing through 
source signal line 1 8. Accordingly, the time t required for 
the value of current to vary can be shortened to nearly 
1/1 0 by increasing current to a 1 0-fold value. The equa- 
tion also indicates that even when the parasitic capaci- 
tance in source signal line 1 8 increases to a 1 0-fold val- 
ue, the value of current can be varied to a predetermined 
value. Therefore, increasing the value of current is ef- 
fective in writing a predetermined current value within a 
short horizontal scanning period. 
[0156] In order to charge/discharge the parasitic ca- 
pacitance of source signal line 1 8, a current having val- 
ue I satisfying the formula: l> (C-V)/t should be passed 
through source signal line 18. 

[0157] If the input current is increased 10 times, the 
output current is also increased 10 times. In this case 
the luminance of the EL device is also raised 10 times, 
which means that a predetermined luminance cannot be 
obtained. In this respect, the present invention realizes 
the predetermined luminance by providing settings such 
that the conducting period of transistor 17d in Figure 1 
is set to 1/1 0 of the conventional conducting period and 
the light-emitting period of EL device 15 set to 1/10 of 
the conventional light-emitting period. 
[0158] That is, in order to program transistor 11a of 
pixel 16 with a predetermined current value after suffi- 
cient charge/discharge of the parasitic capacitance of 
source signal line 18, source driver 14 needs to output 
a relatively high current. However, when such a high cur- 
rent is passed through source signal line 1 8, the pixel is 
programmed with the value of this current undesirably, 
with the result that the EL device 1 5 is fed with a higher 
current than the predetermined current. For example, if 
programming is made with a 1 0-fold current, naturally a 
1 0-fold current passes through EL device 1 5, thus caus- 
ing the EL device 1 5 to emit light at a 1 0-fold luminance. 
To obtain the predetermined luminance of emission, the 
time period for which the EL device 15 is fed with the 



current should be shortened to 1/10. Such a driving 
method is capable of sufficiently charging/discharging 
the parasitic capacitance of source signal line 18 and 
obtaining the predetermined luminance of emission. 

5 [0159] The above-described feature that a 10-fold 
current value is written to transistor 1 1 a of a pixel (more 
exactly, the terminal voltage of capacitor 19 is set to a 
predetermined value) and the on-time of EL device 15 
is shortened to 1/1 0, is an mere example. In some cases 

10 it is possible that a 10-fold current value is written to tran- 
sistor 11a of a pixel and the on-time of EL device 15 is 
shortened to 1/5. Alternatively, as the case may be, it is 
possible that a 10-fold current value is written to tran- 
sistor 11a of a pixel and the on-time of EL device 15 is 

15 shortened to 1/2. 

[0160] The present invention is characterized by a 
driving method in which a current to be written to a pixel 
is set to have a value different from the predetermined 
value while EL device 15 is fed with a current intermit- 

20 tently. For easy explanation, the driving method is herein 
described as having a feature that a current N times as 
high as the predetermined current is written to transistor 
1 1 of a pixel while the on-time of EL device 1 5 is set 1 /N 
times the predetermined time period. However, the 

25 present invention is not limited to this feature. It is need- 
less to say that it is possible that an N1-fold current is 
written to transistor 1 1 of a pixel while the on-time of EL 
device 15 is 1/N2 times as large as the predetermined 
time period, (where N1 and N2 are different from each 

30 other.) 

[0161] The "predetermined current", as used herein, 
means a current required to realize a gray scale display 
corresponding to an image signal. The predetermined 
current has a current value varying depending on the 

35 specifications of the EL display apparatus. For example, 
the current value ranges from about 0.25 juA to about 
0.75 jiiA when a luminance of 150 nt is to be realized. 
Therefore, if N = 4, a current value of from about 1 \iA 
to about 3 julA is to be written to transistor 1 1 . Similarly, 

40 jf n = 8, the current value to be written ranges from about 
2 jliA to about 6 jliA. If N = 2, the current value to be 
written ranges from about 0.5 pA to about 1 .5 jliA. 
[01 62] The intervals at which the intermittent passage 
of current is performed are not limited to equal intervals. 

45 For example, random intervals are possible (provided 
the display period or the non-display period, as a whole, 
has a predetermined value (fixed ratio).) The intervals 
may differ depending on R, G and B. That is, each of R, 
G and B display periods or non-display periods should 

50 be adjusted to a predetermined value (fixed ratio) so as 
to optimize the white balance. 

[01 63] For easy explanation, the on-time is described 
to be 1 /N of 1 F (one field or one frame period), 1 F being 
used as a reference. However, a time period required 
55 for selection of one pixel row and programming with a 
current value (which is usually one horizontal scanning 
period) should be taken into account. In addition, errors 
may occur depending on the scanning conditions. Thus, 
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the above description is merely provided for conven- 
ience in making the explanation easy and there is no 
limitation thereto. 

[0164] For example, it is possible that pixel 1 6 is pro- 
grammed with a 1 0-fold current (N = 1 0) and EL device 5 
is caused to light for a 1 /5 period. In this case EL device 
1 5 lights at a two-fold luminance (1 0/5 = 2). Alternatively, 
it is possible that pixel 1 6 is programmed with a two-fold 
current (N = 2) and EL device 15 is caused to light for a 
1/4 period. In this case EL device 15 lights at a 0.5-fold 10 
luminance (2/4 = 0.5). That is, according to the present 
invention, a pixel is programmed with an N-fold current 
(N is not equal to 1 ) and a display which is not in a con- 
stant lighting state (i.e. 1/1, which does not means in- 
termittent driving) is realized. In a wider sense, the 15 
present invention provides a driving method which in- 
cludes cutting off feeding of current to EL device 15 at 
least once in a one-frame (or one-field) period. The 
present invention also provides a driving method which 
includes programming pixel 16 with a current higher 20 
than the predetermined value while performing intermit- 
tent display necessarily. 

[0165] Organic (or inorganic) EL display apparatus in- 
volve a problem essential to their display method which 
is basically different from the display method applied to 25 
such display apparatus as a CRT adapted to display an 
image as an aggregate of line displays provided by 
means of an electron gun. Since such an EL display ap- 
paratus is configured to hold a current (or a voltage) writ- 
ten to a pixel for a one-F (one-field or one-frame) period. 30 
This configuration gives rise to a problem of a blurred 
outline of an image if it is displayed in a motion picture 
display state. 

[0166] According to the present invention, EL device 
15 is fed with a current for only a 1 F/N period of a one- 35 
frame period and is not fed with a current for the rest of 
the frame period (1 F(N-1)/N). Consideration is given to 
the case where one spot of the screen driven according 
to this driving method is observed. In this display state, 
a display based on image data and a black display (non- 40 
lighting state) alternate with each other on a 1 F basis. 
That is, such a display based on image data appears at 
time intervals (intermittent display). When a display 
based on motion picture data is realized by such inter- 
mittent display driving, the image has no blurred outline, 45 
which means that a display of high quality is realized. 
Thus, the intermittent display method can realize a mo- 
tion picture display close to that realized by a CRT. Fur- 
ther, since the main clock used in the circuit is a con- 
ventional one in spite of intermittent display, no increase 50 
occurs in the power consumption of the circuit. 
[0167] In the case of a liquid crystal display panel, im- 
age data (voltage) based on which light modulation is 
performed is held in the liquid crystal layer. Therefore, 
data applied to the liquid crystal layer needs to be re- 55 
written in order to insert a black display. For this reason, 
it is required that the value of the clock for operating 
source driver 14 be made higher while source signal line 



1 8 applied with image data and black display data alter- 
nately. Accordingly, the value of the main clock of the 
circuit needs to be raised in order to realize insertion of 
black (intermittent display of a black display or the like.) 
In addition, image memory for extending the time axis 
is also needed. 

[0168] In a pixel configuration of the EL display panel 
of the present invention as shown in Figure 1, 2 or 38 
or the like, image data is held in the capacitor 1 9. A cur- 
rent corresponding to the terminal voltage of this capac- 
itor 1 9 is passed through EL device 1 5. Thus, image da- 
ta is not held in a light modulation layer as in the liquid 
crystal display panel. 

[01 69] According to the present invention, the current 
to be passed through EL device 15 is controlled by 
merely turning on/off switching transistor 11 dor 11 e or 
the like. That is, even when the current Iw passing 
through EL device 15 is cut off, image data is held as it 
is in the capacitor 1 9. Therefore, when the switching de- 
vice 1 1 d or the like is turned off at the next timing to feed 
EL device 15 with a current, this current has a current 
value equal to that of the current passed just before. The 
present invention does not need to raise the main clock 
of the circuit even when insertion of black (intermittent 
display of a black display or the like) is to be made. Nor 
does the present invention need to extend the time axis 
and, hence, image memory therefor is not needed ei- 
ther. Organic EL device 1 5 requires a shortened time for 
the device 15 to emit light from the time when it is fed 
with current and hence is responsive at a high speed. 
For this reason, the present invention is suitable for mo- 
tion picture display and is capable of solving the motion 
picture display problem which is essential to display 
panels of the conventional data holding type (liquid crys- 
tal display panel, EL display panel, and the like) by in- 
termittent display. 

[0170] In the case of a large-sized display apparatus 
having an increased source capacitance, the source 
current should be increased 10 times or more. Gener- 
ally, when the source current value is increased N times, 
it is sufficient to set the conducting period for gate signal 
line 17b (transistor 11 d) to 1F/N. By so doing, the 
present invention is applicable to television sets, moni- 
toring display apparatus, and the like. 
[0171] The driving method according to the present 
invention will be described more specifically with refer- 
ence to the drawings. The parasitic capacitance of 
source signal line 18 is produced due to the coupling 
capacitance between adjacent source signal lines 18, 
the capacitance of the buffer output of source driver IC 
(circuit), the capacitance at a crossing point between 
gate signal line 17 and source signal line 18, and the 
like. Such a parasitic capacitance is usually 10 pF or 
more. In the case of voltage-based driving, driver IC 14 
applies a voltage to source signal line 1 8 with a low im- 
pedance and, hence, some increase in the parasitic ca- 
pacitance does not raise any driving problem. 
[0172] However; in the case of current-based driving, 
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image display of a black level, in particular, requires pro- 
gramming of capacitor 1 9 of a pixel with a faint current 
of 20 nA or lower. For this reason, when the parasitic 
capacitance takes place as having a value more than a 
predetermined value, the parasitic capacitance cannot 5 
be charged/discharged within the time required for one 
pixel row to be programmed. (The time required is usu- 
ally a 1 H period or shorter but is not limited thereto since 
two pixel rows may be programmed at a time.) If charge/ 
discharge is impossible within a 1 H period, writing to a 10 
pixel is insufficient and, hence, display with a desired 
resolution cannot be realized. 

[0173] In the case of the pixel configuration shown in 
Figure 1, a programming current Iw passes through 
source signal line 1 8 during current-based programming 15 
as shown in Figure 3(a). The current Iw is passed 
through transistor 1 1 a to set (program) a voltage of ca- 
pacitor 1 9 so that the voltage for causing the current Iw 
to pass is held. At this time transistor 11 d is in an open 
state (off-state). 20 
[0174] In turn, transistors 11c and 11b are turned off 
and transistor 1 1 d operates in the period for feeding EL 
device 15 with a current as shown in Figure 3(b). Spe- 
cifically, off-voltage (Vgh) is applied to gate signal line 
17a to turn transistors 11b and 11c off. On the other 25 
hand, on-voltage (Vgl) is applied to gate signal line 1 7b 
to turn transistor 11 d off. 

[0175] Now, assuming that the current Iw is 1 0 times 
as high as a current (of a predetermined value) to be 
passed conventionally, a current passing through ELde- 30 
vice 15 in Figure 3(b) is also 10 times as high as the 
predetermined value. Accordingly, EL device 15 emits 
light at a luminance 1 0 times as high as a predetermined 
value. That is, the display luminance B of the display 
panel becomes higher with increasing magnification N, 35 
as shown in Figure 12. Therefore, the luminance and 
the magnification are proportional to each other. With 
1/N driving, on the other hand, the luminance and the 
magnification are inverse proportion to each other. 
[0176] If transistor 1 1 d is caused to assume on-state 40 
for only 1/N of the time period for which transistor 11 
assumes on-state conventionally and to assume off- 
state for the rest ((N-1)/N) of the time period, the mean 
luminance throughout 1 F becomes a predetermined lu- 
minance. This display state is close to a display state of 45 
a screen scanned with an electron gun in a CRT. The 
difference therebetween resides in that the region dis- 
playing an image or the lighting region is 1/N of the 
whole screen (which is equal to 1.) (The lighting region 
in the CRT corresponds to one pixel row (one pixel in a 50 
strict sense).) 

[0177] In the present invention, 1 F/N image display 
region 53 shifts from the upper side to the lower side of 
screen 50, as shown in Figure 1 3(b). EL device 1 5 is fed 
with current for only a 1 F/N period and is not fed with 55 
current for the rest (1 F-(N-1 )/N) of the period. Therefore, 
each pixel displays intermittently. However, the image 
is seen to be retained at human eyes through afterimage 



and, hence, the whole screen is seen to display uniform- 
ly. 

[0178] It should be noted that written pixel row 51a 
forms a non-lighting display 52a, as shown in Figure 1 3. 
However, this occurs in the pixel configurations shown 
in Figs. 1 and 2. Such a written pixel row 51a may as- 
sume a lighting state in the current mirror pixel configu- 
ration shown in Figure 38 or the like. In the present de- 
scription, however, the pixel configuration shown in Fig- 
ure 1 is mainly exemplified for easy explanation. The 
method illustrated in Figure 13 or 16 or the like, which 
includes programming with a current higher than the 
predetermined driving current Iw and intermittent driv- 
ing, will be referred to as an N-fold pulse driving method. 
[0179] In this display state, a display based on image 
data and a black display (non-lighting state) alternate 
with each on a 1 F basis. That is, such a display based 
on image data appears at time intervals (intermittentdis- 
play). Since liquid crystal display panels (and EL display 
panels other than the EL display panels of the present 
invention) are configured to hold data at pixels for a 1 F 
period, an image on a motion picture display cannot 
keep up with image data changing, resulting in blurred 
motion picture (blurred image outline). According to the 
present invention, however, an image is displayed inter- 
mittently and, hence, satisfactory display state with no 
blurred outline can be realized. Thus, the intermittent 
display method can realize a motion picture display 
close to that realized by a CRT. 

[0180] The timing chart of such intermittent display is 
shown in Figure 14. The pixel configuration shown in 
Figure 1 is exemplified in the present invention unless 
otherwise particularly specified. As seen from Figure 14, 
in each selected pixel row (selecting period is 1 H), gate 
signal line 17b is under application of off-voltage (Vgh) 
(see Figure 14(b)) while gate signal line 17a is being 
applied with on-voltage (Vgl) (see Figure 14(a).) During 
this period, EL device 1 5 is not fed with current (in a non- 
lighting state). In an unselected pixel row, on the other 
hand, gate signal line 1 7a is under application of off-volt- 
age (Vgh) and gate signal line 17b is under application 
of on-voltage (Vgl). During this period, EL device 15 is 
fed with current (in a lighting state). In the lighting state, 
EL device lights at a luminance N times as high as a 
predetermined value (N-B) for a time period of 1F/N. 
Thus, a means display luminance of the display panel 
throughout a 1 F period can be found from the equation: 
(N-B)x(1/N) = B (predetermined luminance). 
[0181] Figure 15 illustrates an embodiment in which 
the operation illustrated in Figure 14 is applied to pixel 
rows. Specifically, voltage waveforms to be applied to 
respective gate signal lines 1 7 are shown. Each voltage 
waveform comprises off voltage Vgh (H level) and on- 
votlage Vgl (L level). Additional numerals such as (1) 
and (2) indicate the row numbers of selected pixel rows. 
[0182] In Figure 15, when gate signal line 17a(1) is 
selected (at voltage Vgl), a programming current is 
passed through source signal line 1 8 from transistor 1 1 a 
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of the selected pixel row toward source driver 14. This 
programming current is N times as high as a predeter- 
mined value. (Description is made with N = 10 for easy 
explanation. Since the predetermined value is the value 
of a data current causing an image to be displayed, the 5 
predetermined value is not a fixed value unless white 
raster display is given.) Accordingly, capacitor 1 9 is pro- 
grammed so that a 1 0-fold current will pass through tran- 
sistor 11a. When pixel row (1) is in the selected state, 
gate signal line 1 7b(1 ) of the pixel configuration of Fig- 10 
ure 1 is under application of off-voltage (Vgl), thus pre- 
venting current from passing through EL device 15. 
[0183] After lapse of 1 H, gate signal line 1 7a(2) is se- 
lected (at voltage Vgl) and a programming current is 
passed through source signal line 1 8 from transistor 11a 15 
of the selected pixel row toward source driver 14. This 
programming current is N times as high as a predeter- 
mined value. (Description is made with N = 10 for easy 
explanation.) Accordingly, capacitor 19 is programmed 
so that a 10-fold current will pass through transistor 11a. 20 
When pixel row (2) is in the selected state, gate signal 
line 1 7b(2) of the pixel configuration of Figure 1 is under 
application of off-voltage (Vgl), thus preventing current 
from passing through EL device 15. On the other hand, 
the preceding pixel row (1 ) assumes a lighting state be- 25 
cause gate signal line 17a(1) and gate signal line 17b 
(1 ) of pixel row (1 ) are applied with off-voltage (Vgh) and 
on-voltage (Vgl), respectively. 

[0184] After lapse of another 1 H, gate signal line 1 7a 
(3) is selected and gate signal line 1 7b(3) is applied with 30 
off-voltage (Vgh) to prevent current from passing 
through EL device 1 5 of pixel row (3). On the other hand, 
the preceding pixel rows (1 ) and (2) assume the lighting 
state because gate signal lines 1 7a(1 ) and 1 7a(2) there- 
of are applied with off -voltage (Vgl) and gate signal lines 35 
17b(1) and 17b(2) thereof are applied with on-voltage 
(Vgl). 

[0185] The above-described operation is synchro- 
nized with a 1H synchronizing signal. With the driving 
method of Figure 1 5, however, a 1 0-fold current passes 40 
through El device 15 and, accordingly, display screen 
50 displays an image at a luminance having about a 
10-fold value. Of course, it is needless to say that the 
programming current should be decreased to 1/10 in or- 
der to realize a display at the predetermined luminance. 45 
With such a 1/10 current, however, insufficient writing 
occurs due to parasitic capacitance and the like. The 
basic concept of the present invention is that program- 
ming is made with a high current to avoid such insuffi- 
cient writing while black display 52 is inserted to obtain 50 
the predetermined luminance. 

[0186] An important feature of the driving method of 
the present invention resides in that a current higher 
than the predetermined current is caused to pass 
through EL device 15 thereby sufficiently charging/dis- 55 
charging the parasitic capacitance of source signal line 
1 8. Therefore, EL device 1 5 need not necessarily be fed 
with a current N times as high as the predetermined cur- 



rent. For example, a configuration may be employed 
such that a current path is formed in parallel with EL 
device 15 (specifically, a dummy EL device is formed 
which has been subjected to such processing as to pre- 
vent the dummy EL device from emitting light, for exam- 
ple, formation of a light-shielding film thereover) and a 
current is dividedly fed to the dummy EL device and EL 
device 15. When the signal current is 0.2 jiA for exam- 
ple, the programming current adjusted to 2.2 juA is 
passed through transistor 1 1 a. Of this current, the signal 
current of 0.2 juA is fed to EL device 1 5 while the remain- 
ing current of 2.0 jliA fed to the dummy EL device. Such 
a driving method is exemplified. That is, dummy pixel 
row 281 shown in Figure 27 is made constantly selected. 
The dummy pixel row is made to fail to emit light or 
formed with a light-shielding film to prevent emission of 
light from being recognized visually. 
[0187] With such an arrangement, programming can 
be made so that a current N times as high as the pre- 
determined current will pass through driving transistor 
11a by increasing the current to pass through source 
signal line 1 8 N times, while at the same time a current 
sufficiently lower than the N-fold current can be passed 
through EL device 15. The above-described method 
does not need to provide non-lighting region 52 shown 
in Figure 5 and hence can allow the whole display region 
50 to be used as image display region 53. 
[0188] Figure 13(a) illustrates a written state of dis- 
play screen 50. Reference character 51 a used in Figure 
13(a) designates a written pixel row. Source driver 14 
feeds the programming current to each source signal 
line 18. In Figure 3 or the like, writing is made to a single 
pixel row in a 1 H period. However, there is no particular 
limitation to 1 H but it is possible to employ a 0.5H period 
or a 2H period. Though the programming current is writ- 
ten to source signal line 18 according to the above de- 
scription, the present invention is not limited to such a 
current-based programming method but may employ a 
voltage-based programming method (illustrated in Fig- 
ure 62 or the like) in which source signal line 1 8 is written 
with a voltage. 

[0189] In Figure 13(a), when gate signal line 17a is 
selected, transistor 11a is programmed with a current 
passing through source signal line 1 8. At that time, gate 
signal line 17b is applied with off-voltage and, as a re- 
sult, EL device 15 is not fed with a current. This is be- 
cause when transistor 11 d is in on-state, a capacitance 
component of EL device 15 is seen from source signal 
line 18 and capacitor 19 cannot sufficiently accurately 
be programmed with current because of the influence 
of the capacitance. Accordingly, in the configuration of 
Figure 1 for example, a pixel row written with current 
forms non-lighting region 52, as shown in 13(b). 
[0190] If programming is made with an N-fold current 
(here, N = 1 0 as described earlier), the luminance of the 
screen is increased 1 0 times. Therefore, non-lighting re- 
gion 52 should cover 90% of display region 50. Specif- 
ically, if an image display region has 220 horizontal 
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scanning lines (S = 220) in Quarter Common Interme- 
diate Format (QCIF), 22 lines should form display region 
53, with the rest (220-22 = 1 98) forming non-display re- 
gion 52. Generally speaking, if the number of horizontal 
scanning lines (the number of pixel rows) is S, an S/N 
region is used as display region 53 which is caused to 
emit light at an N-fold luminance. This display region 53 
is scanned vertically of the screen. Thus, the remaining 
S(N-1)/N region is used as non-lighting region 52. This 
non-lighting region forms a black display (lumines- 
cenceless region.) Such a luminescenceless region 52 
is realized by turning transistor 11 d off. Though the dis- 
play region 53 has been described to light at an N-fold 
luminance, it is needless to say that the value of N can 
be controlled by brightness adjustment or gamma ad- 
justment, as a matter of course. 
[0191] In the above-described embodiment, non- 
lighting region 52 should cover 90% of display region 50 
because if programming is made with an N-fold current, 
the luminance of the screen is increased 1 0 times. How- 
ever, this feature is not limited to an arrangement where 
R, G and B pixels form non-lighting regions 52 in the 
same manner. For example, the proportion of non-dis- 
play region 52 may be varied depending on R, G and B; 
for example, R pixel provides non-lighting region 52 cov- 
ering 1 /8 of display region 50, G pixel provides non-light- 
ing region 52 covering 1/6 of display region 50, and B 
pixel provides non-lighting region 52 covering 1/10 of 
display region 50. Alternatively, it is possible to employ 
an arrangement such as to adjust non-lighting region 52 
(or lighting region 53) in individual R, G and B pixels. To 
realize these arrangements, gate signal lines 1 7b for re- 
spective of R, G and B need to be provided. By making 
individual adjustment of R, G and B possible, it becomes 
possible to control white balance as well as to ease color 
balance adjustment at each gray level (see Figure 41.) 
[0192] As shown in Figure 13(b), pixel rows including 
written pixel row 51a form non-lighting region 52, while 
an S/N region (which is 1 F/N in terms of time) in a screen 
portion above written pixel row 51 a forms lighting region 
53. (In the case of scanning upwardly from the lower 
side of the screen, lighting region 53 is situated on the 
opposite side.) In this image display state, band-like dis- 
play region 53 shifts downwardly from the upper side of 
the screen. 

[0193] In the display shown in Figure 13, one display 
region 53 shifts downwardly from the upper side of the 
screen. If the frame rate is low, shifting of display region 
53 is visually recognized. This is likely particularly when 
the viewer blinks his or her eyes or moves his or her 
face up and down. 

[0194] To solve this problem, display region 53 should 
be split into plural sections as shown in Figure 1 6. If the 
total sum of the areas of the sections is equal to the area 
of an S(N-1)/N region, the brightness of this display is 
equal to that of the display shown in Figure 13. Display 
region 53 need not necessarily be split equally. Similarly, 
sections of non-display region 52 split need not neces- 



sarily be uniform. 

[0195] By thus splitting display region 53 into plural 
sections, the screen provides a display with reduced flit- 
ter. Thus, favorable image display free of flicker can be 
5 realized. Display region 53 may be split into smaller sec- 
tions. However, with finer splitting, the motion picture 
display performance lowers. 

[0196] Figure 17 shows a voltage waveform applied 
to each gate signal line 1 7 and the luminance of the EL 

10 device emitting light. As can be clearly seen from Figure 
17, the (1F/N) period for which gate signal line 17b is 
applied with Vgl is divided into plural subperiods (the 
number of subperiods is K) That is, gate signal line 1 7b 
is applied with Vgl for a 1 F/(K/N) period K times. Such 

15 a control can inhibit the occurrence of flicker and realize 
image display with a low frame rate. It is also preferable 
to employ such an arrangement as to allow the number 
of such image divisions to be varied. For example, an 
arrangement is possible such as to detect a change re- 

20 suiting from depressing of a brightness adjuster switch 
or turning of a brightness adjuster volume and then vary 
the value of K. Another possible arrangement allows the 
user to adjust the luminance. Yet another possible ar- 
rangement allows the user to vary the number of K de- 

25 pending on the details of or data on an image to be dis- 
played manually or is capable of varying the number of 
K automatically 

[0197] While description has been made of the fea- 
ture that the (1 F/N) period for which gate signal line 1 7b 

30 is applied with Vgl is divided into plural subperiods (the 
number of subperiods is K) and gate signal line 17b is 
applied with Vgl for a 1 F/(K/N) period K times, there is 
no limitation to this feature. Gate signal line 1 7b may be 
applied with Vgl for the 1 F/(K/N) period L times (L * K). 

35 Thus, the present invention has the feature that an im- 
age is displayed by controlling the period (time) for 
which EL device 15 is fed with current. Therefore, the 
art of repeating the 1 F/(K/N) period L times (L * K) is 
included in the technical concept of the present inven- 

40 tion. The luminance of image 50 can be varied digitally 
by varying the value of L. For example, the difference 
between L = 2 and L =3 corresponds to a 50 % change 
in luminance (contrast). In splitting display region 53, the 
period for which gate signal line 1 7b is applied with Vgl 

45 is not necessarily constant. 

[0198] The above-described embodiment is an em- 
bodiment in which display screen 50 is turned on/off (in- 
to lighting state/non-lighting state) by cutting of the cur- 
rent to be passed through EL device or passing the cur- 

50 rent through EL device. That is, the embodiment is con- 
figured to pass generally equal current through transis- 
tor 11a plural times by the charge held in capacitor 19. 
However, the present invention is not limited thereto. 
The present invention may employ such a configuration 

55 as to turn display screen 50 on/off (into lighting state/ 
non-lighting state) by charging/discharging capacitor 
19. 

[0199] Figure 18 shows a voltage waveform applied 
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to each gate signal line 1 7 for realizing the image display 
state shown in Figure 1 6. The difference between Figure 
1 8 and Figure 1 5 resides in the operation of gate signal 
line 17b. Gate signal line 17b is turned on/off (with Vgl 
or Vgh) plural times, the number of times corresponding 
to the number of split sections of the screen. Since other 
features are the same as the corresponding features of 
Figure 15, description thereof will be omitted. 
[0200] Since the EL display apparatus assumes a 
completely non-lighting state to provide a black display, 
a drop in contrast, which is essential to intermittent dis- 
play performed by a liquid crystal display panel, does 
not occur. With the configuration shown in Figure 1, in- 
termittent display can be realized by merely on-off con- 
trolling transistor 1 1 d. With each of the configurations 
shown in Figs. 38 and 51, intermittent display can be 
realized by merely on-off controlling transistor 1 1 e. This 
is because capacitor 1 9 stores image data. (The number 
of gray levels is infinite since such stored image data is 
an analog value.) Specifically, each pixel 16 stores im- 
age data for a 1 F period. Whether or not EL device 15 
is to be fed with a current corresponding to image data 
stored in each pixel 1 6 is controlled by control over tran- 
sistors 1 1 d and 11e. Thus, the above-described driving 
method is applicable not only to the current-driven con- 
figuration but also to the voltage-driven configuration. 
Stated otherwise, the driving method can realize inter- 
mittent driving of a configuration where each pixel is 
adapted to store a current to be passed through EL de- 
vice 15 by turning on/off the driving transistor 11 on the 
current path between EL devices 15. 
[0201] It is critical to maintain the terminal voltage of 
capacitor 1 9. This is because when the terminal voltage 
of capacitor 19 varies (i.e., capacitor 19 is charged/dis- 
charged) during a one-field (frame) period, the lumi- 
nance of the screen varies, which results in flitter (flicker 
or the like) when the frame rate is lowered. It is required 
that the current to be passed through EL device 15 dur- 
ing a one-frame (field) period should not lower to 65% 
or less. The value of 65% means that assuming the first 
current written to pixel 1 6 and passed through EL device 
1 5 is 1 00%, the current to be passed through EL device 
15 just before writing to the pixel 16 in the next frame 
(or field) is set to 65% or more. 

[0202] In the configuration shown in Figure 1, the 
number of transistors 1 1 forming one pixel is not varied 
irrespective of whether or not intermittent display is re- 
alized. That is, satisfactory current-based programming 
is realized by eliminating the influence of the parasitic 
capacitance of source signal line 18 without changing 
the pixel configuration. In addition, picture motion dis- 
play close to that provided by a CRT can be realized. 
[0203] Since the clock for operating gate driver 12 is 
sufficiently slow as compared to the clock for operating 
source driver 14, the main clock of the circuit does not 
rise. Further, the value of N can be varied easily 
[0204] It is possible that the image displaying direction 
(image writing direction) at the first field (frame) is the 



direction from the upper side to the lower side of the 
screen while the image displaying direction at the sec- 
ond field (frame) is the direction from the lower side to 
the upper side of the screen. That is, the downwardly 
5 displaying direction and the upwardly displaying direc- 
tion may alternate with each other repeatedly. 
[0205] It is also possible that the image displaying di- 
rection at the first field (frame) is the direction from the 
upper side to the lower side of the screen and after the 
whole screen has been temporarily turned into a black 
display (into a non-display state), the image displaying 
direction is switched to the direction from the lower side 
to the uppersideof the screen atthesubsequentsecond 
field (frame). The whole screen may present a blackdis- 
play once. 

[0206] Though the aforementioned driving method 
has been described to perform the writing to the screen 
in the direction from the upper side to the lower side of 
the screen or from the lower side to the upper side of 
the screen, there is no limitation to this feature. It is pos- 
sible that the direction of writing to the screen from the 
upper side to the lower side or from the lower side to the 
upper side is fixed whereas non-display region 52 shifts 
in the direction from the upper side to the lower side of 
the screen at a first field (frame) while shifting in the di- 
rection from the lower side to the upper side of the 
screen at a subsequent second field. It is also possible 
that one frame is divided into three fields, the first, sec- 
ond and third ones of which are allocated to R, B and 
G, respectively, and, hence, three fields constitute one 
frame. It is also possible that R, G and B are switched 
one to another on a one horizontal scanning period (1 H) 
basis. The above-described matters hold true for other 
embodiments of the present invention. 
[0207] Non-display region 52 need not necessarily 
assume a completely non-lighting state. There arises no 
practical problem even when faint luminescence or faint 
image display occurs. Such faint luminescence or faint 
image display should be construed as a region having 
a lower display luminance than image display region 53. 
The "non-display region 52" is meant to include even 
the case where one or two of R,G and B image display 
pixels are in the non-display state. 
[0208] Basically speaking, with the luminance (bright- 
ness) of display region 53 being maintained to a prede- 
termined value, the luminance of screen 50 rises with 
increasing area of display region 53. For example, with 
display region 53 having a luminance of 100 (nt), an in- 
crease in the proportion of display region 53 relative to 
the whole screen 50 from 1 0% to 20% raises the screen 
luminance twice. Thus, the display luminance of the 
screen can vary with varying area of display region 53 
in the whole screen 50. 

[0209] The area of display region 53 can be set as 
desired by controlling data pulse (ST2) to be fed to shift 
register 61. Further, the display state shown in Figure 
16 and the display state shown in Figure 13 can be 
switched to each other by varying the data pulse input 
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timing and the data pulse input cycle. An increase in the 
number of data pulses per 1 F period causes screen 50 
to become brighter, whereas a decrease in the number 
of data pulses causes screen 50 to become darker. Con- 
tinuous application of data pulses results in the display 
state shown in Figure 13, while intermittent inputting of 
data pulses results in the display state shown in Figure 
16. 

[0210] Figure 1 9(a) illustrates a method of brightness 
adjustment applicable to the case where display region 
53 is continuous as shown in Figure 13. The screen 50 
at Figure 1 9(a1 ) has the highest display luminance. The 
display luminance of the screen 50 at Figure (a2) is next 
to the highest, whereas that of the screen 50 at Figure 
(a3) is the lowest. The change in state from Figure 19 
(a1 ) to Figure 1 9(a3) and vice versa can be easily real- 
ized by control over the shifter register 61 of gate driver 
1 2 and the like as described above. At that time, the volt- 
age Vdd in Figure 1 need not be varied. That is, the lu- 
minance of display screen 50 can be varied without var- 
ying the supply voltage. The gamma characteristic of the 
screen does not vary at all with the change in state from 
Figure 19(a1) to Figure 19(a3). Thus, the contrast and 
the gray scale characteristic of a displayed image are 
maintained irrespective of the luminance of screen 50. 
This is an effect characteristic of the present invention. 
With the conventional screen luminance adjustment, the 
gray scale performance is low when the luminance of 
screen 50 is low. Specifically, though a 64-level gray 
scale display can be realized at a high luminance dis- 
play, the number of displayable gray levels is decreased 
to a half or less at a low luminance display in most cases. 
In contrast, the driving method of the present invention 
is capable of realizing the maximum 64-level gray scale 
display without dependence on the display luminance 
of the screen. 

[021 1 ] Figure 1 9(b) illustrates a method of brightness 
adjustment applicable to the case where display region 
53 is dispersed as shown in Figure 16. The screen 50 
at Figure 1 9(b1 ) has the highest display luminance. The 
display luminance of the screen 50 at Figure (b2) is next 
to the highest, whereas that of the screen 50 at Figure 
(b3) is the lowest. The change in state from Figure 19 
(b1 ) to Figure 1 9(b3) and vice versa can be easily real- 
ized by control over the shifter register 61 of gate driver 
12 and the like as described above. If display region 53 
is dispersed as shown in Figure 19(b), flicker does not 
occur even at a low frame rate. 

[0212] In order to further lessen the occurrence of 
flicker at a low frame rate, display region 53 should be 
dispersed more finely as shown in Figure 19(c). In this 
case, however, the motion picture display performance 
lowers. Therefore, the driving method illustrated in Fig- 
ure 1 9(a) is suitable for motion picture display. The driv- 
ing method illustrated in Figure 19(c) is suitable for the 
case where a stationary image is displayed with low 
power consumption demanded. Switching from the Fig- 
ure 1 9(a) method to the Figure 1 9(c) method can be eas- 



ily realized by control over shift register 61 . 
[0213] Figure 20 is an explanatory view illustrating an- 
other embodiment for increasing the current to be fed to 
source signal line 18. This embodiment is a method of 
5 significantly improving insufficient writing with current, 
which basically comprises selecting plural pixel rows at 
a time and charging/discharging the parasitic capaci- 
tance of source signal line 1 8 and the like with a current 
which is the sum of currents required by the plural pixel 
rows. Since plural pixel rows are selected at a time, the 
current for driving one pixel can be decreased. Hence, 
the current to be fed to EL device 1 5 can be decreased. 
Here, for easy explanation, the case of N = 1 0 (in which 
a 10-fold current is passed through source signal line 
18) will be described as an example. 
[0214] As shown in Figure 20, K pixel rows are select- 
ed according to the present invention. Source signal line 
1 8 is applied with a current N times as high as a prede- 
termined current from source driver 14. Each pixel is 
programmed with a current N/K times as high as the cur- 
rent to be passed through the EL device 15. The time 
period for which the EL device 1 5 is fed with the current 
is set to K/N of a one-frame (field) period. Such a driving 
method makes it possible to charge/discharge the par- 
asitic capacitance of source signal line 1 8 sufficiently as 
well as to obtain satisfactory resolution and a predeter- 
mined luminance of emission. 

[0215] Specifically, EL device 15 is fed with current for 
K/N of a one-frame (field) period and is not fed with cur- 
rent for the rest (1 F(N-1 )K/N) of the one-frame period. 
In this display state, a display based on image data and 
a black display (non-lighting state) alternate with each 
other repeatedly 1 F by 1 F. That is, such a display based 
on image data appears at time intervals (intermittent dis- 
play). Thus, a motion picture display of high quality with 
no blurred outline can be realized. Further, since source 
signal line 18 is driven with an N-fold current, the para- 
sitic capacitance does not affect the display and, hence, 
the driving method of the present invention is applicable 
to high-resolution display panels. 
[0216] Figure 21 is an explanatory diagram of driving 
voltage waveforms used for realizing the driving method 
illustrated in Figure 20. In this figure, a signal waveform 
comprises off-voltage Vgh (H level) and on-voltage Vgl 
(L level). The numeral added to each signal line, such 
as (1 ), (2) or (3), indicates the row number of each pixel 
row. It should be noted that a QCIF display panel has 
220 rows while a VGA panel has 480 rows. 
[0217] In Figure 21, when gate signal line 17a(1) is 
selected (at voltage Vgl), a programming current is 
passed through source signal line 1 8 from transistor 1 1 a 
of the selected pixel row toward source driver 14. For 
easy explanation, description will be made of the case 
where pixel row 51 a to be written is the first pixel row. 
[0218] The programming current to be passed 
through source signal line 18 is N times as high as a 
predetermined value. (Description is made with N = 10 
for easy explanation. Since the predetermined value is 
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the value of a data current causing an image to be dis- 
played, the predetermined value is not a fixed value un- 
less a white raster display is provided.) Further, descrip- 
tion will be made of the case where five pixel rows are 
to be selected at a time (K = 5.) Accordingly, the capac- 5 
itor 19 of one pixel is programmed so that, ideally, a 
2-fold current (N/K =10/5 = 2) will pass through transis- 
tor 11a. 

[0219] When the written pixel row is the first pixel row 
(1 ), gate signal lines 1 7a(1 ) to 1 7a(5) are in the selected 10 
state. That is, the switching transistors 11b and 11c of 
each of pixels rows (1) to (5) are in on-state. Also, gate 
signal line 1 7b is in reversed phase with gate signal line 
1 7a. Accordingly, the switching transistor 1 1 d of each of 
the pixel rows (1) to (5) is in off-state, thus preventing 15 
current from passing through EL devices 15 of the as- 
sociated pixel row. That is, these EL devices are in the 
non-lighting state 52. 

[0220] Ideally, the transistors 11a of five pixels each 
pass a current of Iwx2 through source signal line 18. 20 
(That is, a current of lwx2xN = Iwx2x5 = IwxlO is 
passed through source signal line 18. Therefore, as- 
suming that the current to be passed through source sig- 
nal line 18 in the case where the N-fold pulse driving 
method of the present invention is not employed is the 25 
predetermined current Iw, a current 1 0 times as high as 
Iw is to be passed through source signal line 18.) 
[0221] The operation (driving method) described 
above causes the capacitor 19 of each pixel 16 to be 
programmed with a 2-fold current. Here, description is 30 
made on the assumption that transistors 11 a are uniform 
in characteristics (Vt and S value) for easy understand- 
ing. 

[0222] Since the number of pixel rows selected at a 
time is five (K = 5), five driving transistors 11a operate. 35 
That is, a 2-fold (1 0/5 = 2) current passes through tran- 
sistor 11a per pixel. Source signal line 18 is fed with a 
current as the sum of programming currents for the five 
transistors 1 1 a. For example, assuming that the current 
to be conventionally passed through pixel row 51 a to be 40 
written is Iw, a current of Iwx 1 0 is to be passed through 
source signal line 1 8 according to the present invention. 
Pixel rows 51b to be written with image data after writing 
to pixel row (1) are now used as auxiliary pixel rows for 
increasing the amount of current to be fed to source sig- 45 
nal line 18. However, there arises no problem because 
the pixel rows 51 b will be written with correct image data 
thereafter. 

[0223] Therefore, the four pixel rows 51 b provide the 
same display as the pixel row 51a during a 1H period. 50 
For this reason, at least the written pixel row 51a and 
the pixel rows 51b selected for increasing the current 
are made to assume the non-lighting state 52. However, 
such pixel rows in a current mirror pixel configuration as 
shown in Figure 38 or other pixel configurations adapted 55 
for voltage-based programming may be made to as- 
sume the lighting state. 

[0224] After lapse of 1H, gate signal line 17a(1) as- 



sumes the unselected state while gate signal line 1 7b is 
applied with on-voltage (Vgl). At the same time, gate sig- 
nal line 1 7a(6) is selected (applied with Vgl voltage) and 
transistor 11a of the selected pixel row (6) passes the 
programming current through source signal line 18 to- 
ward source driver 14. Such an operation allows pixel 
row (1) to hold regular image data. 
[0225] After lapse of another 1 H, gate signal line 1 7a 
(2) assumes the unselected state while gate signal line 
17b is applied with on-voltage (Vgl). At the same time, 
gate signal line 1 7a(7) is selected (applied with Vgl volt- 
age) and transistor 11a of the selected pixel row (7) 
passes the programming current through source signal 
line 18 toward source driver 14. Such an operation al- 
lows pixel row (2) to hold regular image data. By per- 
forming the above-described operation with scanning 
shifting pixel row by pixel row, one screen is wholly re- 
written. 

[0226] With the driving method of Figure 20, each pix- 
el is programmed with a 2-fold current (voltage) and, 
hence, ideally the EL device 1 5 of each pixel emits light 
at a 2-fold luminance. Therefore, the luminance of the 
display screen is twice as high as the predetermined val- 
ue. In order for the display screen to display at the pre- 
determined luminance, a region including written pixel 
row 51 and occupying 1/2 of display region 50 should 
be used as non-display region 52. 
[0227] As in the case of Figure 13, when one display 
region 53 shifts downwardly from the upper side of the 
screen as shown in Figure 20, the shifting of display re- 
gion 53 is visually recognized if the frame rate is low. 
This is likely particularly when the viewer blinks his or 
her eyes or moves his or her face up and down. 
[0228] To solve this problem, display region 53 should 
be split into plural sections as shown in Figure 22. If the 
total sum of the areas of these sections is equal to the 
area of an S(N-1 )/N region, the brightness of this display 
is equal to that of the display provided without splitting 
of display region 53. 

[0229] Figure 23 shows a voltage waveform applied 
to each gate signal line 1 7. The difference between Fig- 
ure 21 and Figure 23 resides in the operation of gate 
signal line 1 7b. Gate signal line 1 7b is turned on/off (with 
Vgl and Vgh) plural times, the number of times corre- 
sponding to the number of split sections of the screen. 
Since other features are substantially the same as or 
analogous to the corresponding features of Figure 21, 
description thereof will be omitted. 
[0230] By thus splitting display region 53 into plural 
sections; the screen provides a display with reduced flit- 
ter. Thus, satisfactory image display free of flicker can 
be realized. Display region 53 may be split into smaller 
sections. With finer splitting, flicker can be more re- 
duced. Since the responsiveness of EL device 1 5 is par- 
ticularly high, the display luminance will not lower even 
if EL device 1 5 is turned on/off at a time interval shorter 
than 5 jusec. 

[0231] In the driving method of the present invention, 
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EL device 15 can be on-off controlled by turning on/off 
the signal to be applied to gate signal line 1 7b. For this 
reason, such control can be achieved with a clock hav- 
ing a low frequency on the KHz order. Further, image 
memory or the like is not needed for inserting a black 
display (i.e., non-display region 52). Therefore, the driv- 
ing circuit or method of the present invention can be im- 
plemented with reduced cost. 

[0232] Figure 24 illustrates the case where the 
number of pixel rows to be selected at a time is two. 
According to the results of study made by the inventors 
et al., the method including selection of two pixel rows 
at a time realized practical display uniformity when ap- 
plied to display panels formed by the low temperature 
polysilicon technology. Presumably, this is because 
driving transistors 1 1 a of adjacent pixels were very uni- 
form in their characteristics. Good results were obtained 
by performing striped laser irradiation parallel with 
source signal line 18 in laser annealing. 
[0233] This is because portions of a semiconductor 
film in a region annealed at the same time are uniform 
in characteristics. Stated otherwise, this is because a 
semiconductor film is formed uniformly in a striped re- 
gion irradiated with laser light and transistors formed us- 
ing this semiconductor film are substantially uniform in 
Vt and mobility. Thus, pixels arranged along source sig- 
nal line 18 (i.e., a pixel column extending vertically of 
the screen) are made substantially uniform in charac- 
teristics by irradiation with striped laser shot in parallel 
with the source signal line 1 8 forming direction and shift- 
ing the irradiating position. Therefore, when plural pixel 
rows are turned on at a time so as to be programmed 
with current, the plural pixel rows selected at a time are 
programmed with a substantially equal current having a 
value which is the quotient obtained by dividing the pro- 
gramming current by the number of the selected pixel 
rows. Thus, it is possible to realize current-based pro- 
gramming with a current value close to a target value, 
hence, realize a uniform display. For this reason, the la- 
ser shot direction and the driving method illustrated in 
Figure 24 or the like provide a synergetic effect. 
[0234] As described above, transistors 1 1 a of vertical- 
ly arranged pixels are made substantially uniform in 
characteristics by making the direction of laser shot sub- 
stantially coincident with the direction in which source 
signal line 1 8 is formed, thus resulting in satisfactory cur- 
rent-based programming. (In this case, transistors 11a 
of horizontally arranged pixels need not necessarily be 
uniform in characteristics.) The operation thus de- 
scribed is performed, while the position of pixel rows to 
be selected is shifted one pixel row by one pixel row or 
plural pixel rows by plural pixel rows in synchronism with 
1 H (one-horizontal period). Though the laser shot direc- 
tion described is made parallel with source signal line 
18 according to the above description, the present in- 
vention is not limited to the laser shot direction parallel 
with source signal line 18. This is because irradiation 
with laser shot in an oblique direction with respect to 



source signal line 1 8 allows transistors 1 1 a of vertically 
arranged pixels along one source signal line 18 to be 
made substantially uniform in characteristics. There- 
fore, the "irradiation with laser shot parallel with source 

5 signal line" is meant to form any adjacent pixels to be 
arranged along the wiring direction of source signal line 
18 (in the vertical direction) in a manner to locate them 
within one laser irradiation region. The "source signal 
line 1 8" generally means wiring for transmission of pro- 

10 gramming currents or voltages serving as image sig- 
nals. 

[0235] According to the above-described embodi- 
ment of the present invention, the position of pixel rows 
to be written is shifted 1 H by 1 H. However, the present 

15 invention is not limited to this feature. It is possible to 
shift the position 2H by 2H or on the basis of more pixel 
rows. Alternatively, shifting may be performed based on 
any unit time. The shifting time interval may be varied 
with varying position on the screen. For example, it is 

20 possible that the shifting time interval is shortened at a 
central portion of the screen and prolonged at upper and 
lower portions of the screen. Also, the shifting time in- 
terval may be varied frame by frame. The present inven- 
tion is not limited to selection of plural pixel rows ar- 

25 ranged adjacent to each other. For example, it is possi- 
ble to select pixel rows located across one intervening 
pixel row. Specifically, a driving method may be em- 
ployed such that the first and third pixel rows are select- 
ed in the first horizontal scanning period, the second and 

30 fourth pixel rows selected in the second horizontal scan- 
ning period, the third and fifth pixel rows selected in the 
third horizontal scanning period, and the fourth and sixth 
pixel rows selected in the fourth horizontal scanning pe- 
riod. Of course, the technical scope of the present in- 

35 vention includes a driving method such as to select the 
first, third and fifth pixel rows in the first horizontal scan- 
ning period. It is, of course, possible to select pixel row 
positions across plural intervening pixel rows. 
[0236] It is needless to say that the combination of the 

40 feature of the laser shot direction setting and the feature 
of the simultaneous selection of plural pixel rows is ap- 
plicable not only to the pixel configurations shown in 
Figs. 1, 2 and 32 but also to other current-driven pixel 
configurations as shown in Figs. 38, 42 and 50 including 

45 the current mirror pixel configuration shown in Figure 38. 
The combination is also applicable to voltage-driven pix- 
el configurations as shown in Figs. 43, 51, 54 and 62. 
This is because if the transistors of pixels arranged ad- 
jacent to each other vertically are uniform in character- 

50 istics, satisfactory voltage-based programming can be 
realized with a voltage applied to a common source sig- 
nal line 18. 

[0237] When the first pixel row is written in the config- 
uration shown Figure 24, gate signal lines 17a(1) and 
55 1 7a(2) are selected (see Figure 25.) That is, the switch- 
ing transistors 11b and transistors 11c of pixel rows (1) 
and (2) are in on-state. Each gate signal line 17b is in 
reversed phase with each gate signal line 17a. Accord- 



27 



53 



EP 1 450 341 A1 



54 



ingly, the switching transistors 11 d of at least the pixel 
rows (1 ) and (2) are in off-state, thus preventing current 
from passing through EL devices 15 of the associated 
pixel rows. That is, these pixel rows are in the non-light- 
ing state 52. It should be noted that in the arrangement 
shown in Figure 24, display region 53 is split into five 
sections in order to reduce the occurrence of flicker. 
[0238] Ideally, the transistors 11a of two pixels (pixel 
rows) each pass a current of Iwx5 (N = 10) through 
source signal line 18. (That is, since K = 2, a current of 
lwxKx5 = IwxlO is passed through source signal line 
1 8.) Therefore, the capacitor 1 9 of each pixel 1 6 is pro- 
grammed with a 5-fold current. 

[0239] Since the number of pixel rows selected at a 
time is two (K = 2), two driving transistors 11a operate. 
That is, a 5-fold (10/2 = 5) current passes through each 
transistor 1 1 a. Source signal line 1 8 is fed with a current 
as the sum of programming currents for the two transis- 
tors 11a. 

[0240] For example, pixel row 51 a to be written is fed 
with current Id, which is to be conventionally fed to pixel 
row 51 a, while source signal line 1 8 is fed with a current 
of IwxlO. However, there arises no problem because 
the pixel row 51 b will be written with regular image data 
thereafter. The pixel row 51 b provides the same display 
as the pixel row 51 a during a 1 H period. For this reason, 
at least the written pixel row 51a and the pixel row 51b 
selected for increasing the current are made to assume 
the non-lighting state 52. 

[0241] After lapse of 1H, gate signal line 17a(1) as- 
sumes the unselected state while gate signal line 1 7b is 
applied with on-voltage (Vgl). At the same time, gate sig- 
nal line 1 7a(3) is selected (applied with Vgl voltage) and 
the transistor 11a of the selected pixel row (3) passes 
the programming current through source signal line 18 
toward source driver 14. Such an operation allows pixel 
row (1) to hold regular image data. 
[0242] After lapse of another 1 H, gate signal line 1 7a 
(2) assumes the unselected state while gate signal line 
17b is applied with on-voltage (Vgl). At the same time, 
gate signal line 1 7a(4) is selected (applied with Vgl volt- 
age) and the transistor 1 1 a of the selected pixel row (4) 
passes the programming current through source signal 
line 18 toward source driver 14. Such an operation al- 
lows pixel row (2) to hold regular image data. By per- 
forming the above-described operation with scanning 
shifting pixel row by pixel row, one screen is wholly re- 
written. (Of course, scanning may be shifted plural pixel 
rows by plural pixel rows. For example, a pseudo-inter- 
laced driving method will shift scanning two rows by two 
rows. In terms of image display, there will be some cases 
where the same image is written to plural pixel rows.) 
[0243] Similarly to the case of Figure 16, the driving 
method illustrated in Figure 24 programs each pixel with 
a 5-fold current (voltage) and, hence, ideally the EL de- 
vice 15 of each pixel emits light at a 5-fold luminance. 
Therefore, the luminance of display region 53 is 5 times 
as high as the predetermined value. In order for the dis- 



play region 53 to display at the predetermined lumi- 
nance, a region including written pixel rows 51 and oc- 
cupying 1 /5 of display screen 50 should be used as non- 
display region 52. 
5 [0244] As shown in Figure 27, two pixel rows to be 
written 51 (51 a and 51 b) are selected and such selection 
is made sequentially from the upper side to the lower 
side of screen 50. (See Figure 26 also. In Figure 26, 
pixel rows 16a and 16b are selected.) When selection 
is made down to the lower side of the screen, pixel row 
51b to be written disappears, though pixel row 51a to 
be written is present. That is, only one pixel row is left 
for selection. For this reason, the current applied to 
source signal line 18 is wholly written to pixel row 51a. 
Accordingly, pixel row 51 to be written now is undesira- 
bly programmed with a current twice as high as the cur- 
rent with which the preceding pixel rows 51 a have been 
priorly programmed. 

[0245] In order to solve this problem, the present in- 
vention uses a dummy pixel row 281 formed (located) 
on the lower side of screen 50, as shown in Figure 27 
(b). Therefore, when selection of pixel rows to be written 
reaches the lower side of screen 50, the final pixel row 
on screen 50 and the dummy pixel row 281 are selected. 
For this reason, the final pixel row shown in Figure 27 
(b) is written with the regular current. Though the dummy 
pixel row 281 is shown to locate adjacent to the upper 
or lower edge of display region 50, there is no limitation 
to this arrangement. The dummy pixel row 281 may be 
formed at a location spaced apart from display region 
50. The dummy pixel row 281 need not be formed with 
switching transistor 11d, EL device 15 and the like 
shown in Figure 1. The absence of these components 
enables the dummy pixel row 281 to be reduced in size. 
[0246] Figure 28 illustrates the state shown in Figure 
27(b). As apparent from Figure 28, when selection of 
pixel rows reaches pixel 1 6c on the lower side of screen 
50, the final pixel row 281 on screen 50 is selected. The 
dummy pixel row 281 is located outside display region 
50. That is, the dummy pixel row 281 is configured to 
fail to light or not to be allowed to light, or not to be seen 
as a display even when it lights. This can be made by, 
for example, elimination of the contact hole between the 
pixel electrode and transistor 1 1 or failure to form EL film 
at the dummy pixel row. 

[0247] Though the dummy pixel (row) 281 is provided 
(formed or located) on the lower side of screen 50 in the 
arrangement shown in Figure 27, there is no limitation 
to this arrangement. For example, in the case where 
scanning is performed from the lower side to the upper 
side of screen 50 (reverse scanning) as shown in Figure 
29(a), dummy pixel row 281 should be formed also on 
the upper side of screen 50, as shown in Figure 29(b). 
That is, the upper side and the lower side of screen 50 
are formed (provided) with respective dummy pixel rows 
281 . Such an arrangement can accommodate to vertical 
reversal of scanning over the screen. 
[0248] The above-described embodiment is config- 
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ured to select two pixel rows at a time. However, the 
present invention is not limited to this configuration but 
may employ a configuration for selection of, for exam- 
ple, five pixel rows at a time (see Figure 23.) That is, 
where five pixel rows are driven at a time, four dummy 5 
pixel rows 281 should be formed. The dummy pixel row 
configuration or the dummy pixel row driving method ac- 
cording to the present invention is of the type using at 
least one dummy pixel row. Of course, it is preferable to 
combine the dummy pixel row driving method with the 10 
N-fold pulse driving method. 

[0249] With the driving method in which plural pixel 
rows are selected at a time, it becomes more difficult to 
accommodate variations in the characteristics of tran- 
sistors 11a as the number of pixel rows to be selected 15 
at a time increases. However, with increasing number 
of pixel rows to be selected, the programming current 
for each pixel becomes higher and, hence, a higher cur- 
rent is to be passed through EL device 1 5. If the current 
passing through EL device 15 is high, EL device 15 is 20 
easy to deteriorate. 

[0250] The method illustrated in Figure 30 is capable 
of solving this problem. The basic concept of the method 
illustrated in Figure 30 according to the present inven- 
tion is a combination of a method such as to select plural 25 
pixel rows at a time in a 1/2H period (1/2 of a horizontal 
scanning period), similarly to the methods described in 
relation to Figs. 22 and 29, and a method such as to 
select one pixel row in the subsequent 1/2H period (1/2 
of a horizontal scanning period), similarly to the methods 30 
described in relation to Figs. 5 and 13. Such a combi- 
nation accommodates variations in the characteristics 
of transistors 11a and hence is capable of making the 
responsiveness high and the in-plane uniformity satis- 
factory. 35 
[0251 ] For easy explanation, description will be made 
of such a combined method including selecting five pixel 
rows at a time in a first period and then selecting one 
pixel row in a second period. In the first period (the first 
1/2H), five pixel rows are selected at a time as shown 40 
in Figure 30(a1 ). Since this operation has already been 
described with reference to Figure 22, description there- 
of will be omitted. The current to be passed through 
source signal line 18 is, for example, 25 times as high 
as the predetermined value. Accordingly, the transistor 45 
11a of each pixel (in the case of the pixel configuration 
shown in Figure 1) is to be programmed with a 5-fold 
current (25/5 pixel rows = 5.) Since source signal line 
18 is to be fed with a 25-fold current, the parasitic ca- 
pacitance occurring in source signal line 1 8 and the like 50 
can be charged/discharged in a very short time. There- 
fore, the potential of source signal line 18 becomes a 
target potential in a short time and the capacitor 19 of 
each pixel 16 is programmed to have such a terminal 
voltage as to pass the five-fold current. The period for 55 
which the 25-fold current is applied is the first 1/2H (1/2 
of one horizontal scanning period.) 
[0252] As a matter of course, since five pixel rows are 
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to be written with the same image data, the transistors 
11 d of these five pixel rows are made to assume off- 
state so that the five pixel rows do not display. Thus, the 
resulting display state is as shown in Figure 30(a2). 
[0253] In the latter 1/2H period, one pixel row is se- 
lected and current-based (voltage-based) programming 
is performed. This state is illustrated in Figure 30(b1). 
The pixel row 51 a written is programmed with a current 
(voltage) so that a 5-fold current will pass as in the first 
period. The current to be passed through each pixel in 
the case of Figure 30(a1 ) and that in the case of Figure 
30(b1 ) are equalized to each other because a variation 
in the terminal voltage of capacitor 1 9 is reduced to allow 
a current of a target value to pass more promptly. 
[0254] Specifically, in the operation illustrated in Fig- 
ure 30(a1), plural pixels are fed with a current so that 
the terminal voltage of each capacitor 19 can rapidly 
reach a value causing an approximate current to pass. 
At this first step, programming is made at plural transis- 
tors 11a and, hence, errors in regard to a target value 
occur due to variations in the characteristics of the tran- 
sistors. At the subsequent second step, only the pixel 
row to be written with data and hold the data is selected 
so that programming is completed with a current having 
the predetermined target value varied from the approx- 
imate target value. 

[0255] Since the operation of scanning non-lighting 
region 52 as well as pixel row 51a to be written down- 
wardly of the screen is the same as in the case of Figure 
13 or the like, description thereof will be omitted. 
[0256] Figure 31 shows driving waveforms for realiz- 
ing the driving method illustrated in Figure 30. As can 
be seen from Figure 31, a 1H period (one horizontal 
scanning period) comprises two phases. Switching be- 
tween these two phases is made using ISEL signal, 
which is shown in Figure 31 . 

[0257] Reference is first made to such ISEL signal. 
The driver circuit 1 4 for carrying out the method illustrat- 
ed in Figure 30 has first and second current output cir- 
cuits. These first and second current output circuits each 
comprise a DA circuit for DA conversion of 8-bit gray 
scale data, an operational amplifier, and the like. In the 
embodiment of Figure 30, the first current output circuit 
is configured to output a 25-fold current, while the sec- 
ond current output circuit configured to output a 5-fold 
current. Outputs of the respective first and second cur- 
rent output circuits are applied to source signal line 18 
by control over a switching circuit formed (located) in a 
current output section with the ISEL signal. Each source 
signal line is provided with the first and second current 
output circuits. 

[0258] When the ISEL signal assumes an L level, the 
first current output circuit adapted to output a 25-fold 
current is selected so that source driver 1 4 absorbs the 
current from source signal line 1 8 (more exactly, the first 
current output circuit formed in source driver 14 absorbs 
the current.) The magnitude of the current to be output- 
ted from each of the first and second current output cir- 
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cuits can be adjusted to a 25-fold value, 5-fold value or 
the like easily, because each current output circuit can 
be formed using plural resistors and an analog switch. 
[0259] When the pixel row to be written is the first pixel 
row (see the column of 1H in Figure 30) as shown in 5 
Figure 30, gate signal lines 17a(1) to 17a(5) are in the 
selected state (in the case of the pixel configuration 
shown in Figure 1 .) That is, the switching transistors 1 1 b 
and transistors 11c of pixels rows (1) to (5) are in on- 
state. Since the ISEL is assuming the L level, the first 10 
current output circuit for outputting a 25-fold current is 
selected and connected to source signal line 18. Fur- 
ther, gate signal line 1 7b is under application of off- volt- 
age (Vgh). Accordingly, the switching transistors 11 d of 
the pixel rows (1) to (5) are in off-state, thus preventing 15 
current from passing through the EL devices 15 of the 
respective pixel rows. That is, these EL devices are in 
the non-lighting state 52. 

[0260] Ideally, the transistors 11a of five pixels each 
pass a current of Iwx2 through source signal line 18. 20 
Then, the capacitor 19 of each pixel 16 is programmed 
with a 5-fold current. Here, description is made on the 
assumption that transistors 11a are uniform in charac- 
teristics (Vt and S value) for easy understanding. 
[0261] Since the number of pixel rows selected at a 25 
time is five (K = 5), five driving transistors 11a operate. 
That is, a 5-fold (25/5 = 5) current passes through tran- 
sistor 11a per pixel. Source signal line 18 is fed with a 
current as the sum of programming currents for the five 
transistors 1 1 a. For example, assuming that the current 30 
to be passed through pixel row 51a to be written is Iw 
according to the conventional driving method, a current 
of Iwx25 is passed through source signal line 18. Pixel 
rows 51b to be written with image data after writing to 
pixel row (1) are now used as auxiliary pixel rows for 35 
increasing the amount of current to be fed to source sig- 
nal line 18. However, there arises no problem because 
the pixel rows 51 b will be written with regular image data 
thereafter. 

[0262] Therefore, the pixel rows 51b each provide the 40 
same display as the pixel row 51a during a 1H period. 
For this reason, at least the written pixel row 51a and 
the pixel rows 51b selected for increasing the current 
are made to assume the non-lighting state 52. 
[0263] In the subsequent 1/2H period (1/2 of the hor- 45 
izontal scanning period), only pixel row 51 a to be written 
is selected. That is, only the first pixel row is selected. 
As apparent from Figure 31 , only gate signal line 1 7a(1 ) 
is applied with on-voltage (Vgl) while gate signal lines 
1 7a (2) to 1 7a(5) applied with off-voltage (Vgh). There- 50 
fore, the transistor 1 1 a of pixel row (1 ) is in an operating 
state (the state feeding current to source signal line 1 8), 
while the switching transistors 11b and transistors 11c 
of the pixel rows (2) to (5) are in off-state, or in the un- 
selected state. Since the ISEL signal is assuming an H 55 
level, the current output circuit B for outputting a 5-fold 
current is selected and connected to source signal line 
1 8. The state of gate signal line 1 7b is not changed from 



the state assumed in the first 1/2H period and hence is 
under application of off voltage (Vgh). Accordingly, the 
switching transistors 1 1 d of the pixel rows (1) to (5) are 
in off-state, thus preventing current from passing 
through the EL devices 15 of the respective pixel rows. 
That is, these pixel rows are in the non-lighting state 52. 
[0264] The above-described operation causes the 
transistor 11a of the pixel row (1) to pass a current of 
Iwx5 through source signal line 1 8. Then, the capacitor 
19 of each pixel row (1) is programmed with the 5-fold 
current. 

[0265] In the next horizontal scanning period, the pixel 
row to be written is shifted by one pixel row. That is, the 
pixel row to be written is changed to pixel row (2). In the 
first 1/2H period, when the pixel row to be written is the 
second pixel row as shown in Figure 31 , gate signal lines 
17a(2) to 17a(6) are in the selected state. That is, the 
switching transistors 11b and transistors 11c of pixels 
rows (2) to (6) are in on-state. Since the ISEL is assum- 
ing the L level, the first current output circuit for output- 
ting a 25-fold current is selected and connected to 
source signal line 1 8. Further, gate signal line 1 7b is un- 
der application of off-voltage (Vgh). Accordingly, the 
switching transistors 1 1 d of the pixel rows (2) to (6) are 
in off-state, thus preventing current from passing 
through the EL devices 15 of the respective pixel rows. 
That is, these pixel rows are in the non-lighting state 52. 
On the other hand, since the gate signal line 17b(1) of 
the pixel row (1 ) is under application of voltage Vgl, the 
transistor 11 d of the pixel row (1) is in on-state and the 
EL device 1 5 of the pixel row (1 ) is in the lighting state. 
[0266] Since the number of pixel rows selected at a 
time is five (K = 5), five driving transistors 1 1 a operate. 
That is, a 5-fold (25/5 = 5) current passes through tran- 
sistor 11a per pixel. Source signal line 18 is fed with a 
current as the sum of programming currents for the five 
transistors 11a. 

[0267] In the subsequent 1/2H period (1/2 of the hor- 
izontal scanning period), only pixel row 51 a to be written 
is selected. That is, only the second pixel row is select- 
ed. As apparent from Figure 31, only gate signal line 
1 7a(2) is applied with on-voltage (Vgl) while gate signal 
lines 17a (3) to 17a(6) applied with off-voltage (Vgh). 
Therefore, the transistors 11a of the pixel rows (1) and 
(2) is in the operating state (the state where the pixel 
row (1) passes current through EL device 15 while the 
pixel row (2) feeds currentto source signal line 18), while 
the switching transistors 11b and transistors 11c of the 
pixel rows (3) to (6) are in off-state, or in the unselected 
state. Since the ISEL signal is assuming the H level, the 
second current output circuit for outputting the 5-fold 
current is selected. The state of gate signal line 17b is 
not changed from the state assumed in the first 1/2H 
period and hence is under application of off-votage 
(Vgh). Accordingly, the switching transistors 1 1 d of the 
pixel rows (2) to (6) are in off-state, thus preventing cur- 
rent from passing through the EL devices 15 of the re- 
spective pixel rows. That is, these pixel rows are in the 
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non-lighting state 52. 

[0268] The above-described operation causes the 
transistor 11a of the pixel row (2) to pass a current of 
Iwx5 through source signal line 1 8. Then, the capacitor 
19 of the pixel row (2) is programmed with the 5-fold 
current. Display over one whole screen can be made by 
sequentially performing the above-described opera- 
tions. 

[0269] According to the driving method described in 
relation to Figure 30, G pixel rows (G is 2 or more) are 
selected in the first period and each of the pixel rows is 
programmed so that an N-fold current will pass there- 
through. In the second period subsequent to the first pe- 
riod, B pixel rows (B is not less than 1 and less than G) 
are selected and each of the pixel rows is programmed 
so that the N-fold current will pass therethrough. 
[0270] However, another way is possible. G pixel rows 
(G is 2 or more) are selected in the first period and pro- 
gramming is made so that the total sum of currents to 
pass through the respective pixel rows assumes the N- 
fold value. In the second period subsequent to the first 
period, B pixel rows (B is not less than 1 and less than 
G) are selected and programming is made so that the 
total sum of currents to pass through the respective pixel 
rows assumes the N-fold value. (When one pixel row is 
selected, programming is made so that the current to 
pass therethrough assumes the N-fold value.) For ex- 
ample, five pixel rows are selected at a time in Figure 
30(a1) and a 2-fold current is passed through the tran- 
sistor 1 1 a of each pixel. By so doing, source signal line 
1 8 is fed with a 1 0-fold (5x2) current. In the subsequent 
second period, one pixel row is selected in Figure 30 
(b1). The 10-fold current is passed through transistor 
11a of this pixel row. 

[0271] In the foregoing description related to Figure 
31 , the period for selecting plural pixel rows at a time is 
set to 1/2H and the period for selecting one pixel row 
set to 1/2H. However, the present invention is not limited 
thereto. It is possible that the period for selecting plural 
pixel rows at a time is set to 1/4H and the period for 
selecting one pixel row set to 3/4H. Further, the sum of 
the period for selecting plural pixel rows at a time and 
the period for selecting one pixel row is set to 1 H. How- 
ever, the present invention is not limited thereto. For ex- 
ample, the sum of these periods may be set to a 2H pe- 
riod or a 1 .5H period. 

[0272] In the method of Figure 30, it is possible that 
the period for selecting five pixel rows at a time is set to 
1/2H and two pixel rows are selected at a time in the 
subsequent second period. In this case also, image dis- 
play without no practical trouble can be realized. 
[0273] In the foregoing description related to Figure 
30, two stages are provided consisting of the first period 
for selecting five pixel rows at a time, which is set to 
1/2H, and the second period for selecting one pixel row, 
which is set to 1/2H. However, the present invention is 
not limited thereto. For example, three stages may be 
provided consisting of the first period for selecting five 



pixel rows at a time, the second period for selecting two 
of the five pixel rows, and the third period for selecting 
one pixel row. That is, it is possible to write image data 
to a pixel row at plural stages. 
5 [0274] The above-described N-fold pulse driving 
method according to the present invention applies the 
same waveform to gate signal lines 17b of respective 
pixel rows while shifting the scanning at 1H intervals. 
Such a manner of scanning makes it possible to shift a 
10 pixel row to light to another sequentially with the lighting 
duration of each EL device 15 set to 1 F/N. Such appli- 
cation of the same waveform to gate signal lines 1 7b of 
respective pixel rows and shifting of the scanning, can 
be easily realized. This is because it is sufficient to con- 
15 trol data ST1 and data ST2 to be applied to shift register 
circuits 61a and 61b, respectively, shown in Figure 6. 
Assuming that Vgl is outputted to gate signal line 17b 
when inputted ST2 assumes L level while Vgh is output- 
ted to gate signal line 17b when inputted ST2 assumes 
20 H level, ST2 to be applied to shift register 1 7b is inputted 
at L level for a 1 F/N period and at H level for the rest of 
the period. ST2 thus inputted should be shifted with 
clock CLK2 synchronizing to 1 H. 
[0275] The on-off cycle of EL device 15 needs to be 
25 set to 0.5 msec or longer. If this cycle is too short, com- 
plete black display is not realized due to human eyes 
having the afterimage property and, hence, the image 
displayed is seen to blur as if the resolution is lowered. 
Such a display state is the same as the display state of 
30 a display panel of the data holding type. On the other 
hand, if the on-off cycle is set to 1 00 msec or longer, the 
resulting display is seen to blink. For this reason, the on- 
off cycle of EL device 1 5 has to be not less than 0.5 jusec 
and not more than 100 msec, more preferably not less 
35 than 2 msec and not more than 30 msec, much more 
preferably not less than 3 msec and not more than 20 
msec. 

[0276] As described earlier, satisfactory motion pic- 
ture display can be realized when the number by which 
40 black display screen 152 is divided (split) is one. How- 
ever, flitter is likely seen on the screen. Therefore, it is 
preferable to split an inserted black display portion into 
plural blocks. However, too much increase in the 
number of such blocks results in a blurred motion pic- 
45 ture. The number of blocks resulting from splitting has 
to be not less than 1 and not more than 8, preferably not 
less than 1 and not more than 5. 
[0277] It is preferable to employ an arrangement ca- 
pable of varying the number of split blocks of a black 
50 display depending on whether a stationary image or a 
motion picture image is to be displayed. When N = 4, a 
black display occupies 75% of the screen and an image 
display occupies 25% of the screen. In this case, when 
the number of split blocks is one, the black display por- 
55 tion occupying 75% is scanned vertically of the screen 
so as to be viewed as a black band occupying 75%. 
When the number of split blocks is 3, scanning is made 
so that a black display occupying 25% of the screen is 



25 



30 



35 



40 



45 



50 



31 



61 



EP 1 450 341 A1 



62 



split into three black display blocks each occupying 
25/3% of the screen. The number of split blocks is in- 
creased for stationary image display, whereas it is de- 
creased for motion picture display. Switching may be 
made either automatically in accordance with images in- 5 
putted (through detection of a motion picture image or 
the like) or by a manual operation by the user. Alterna- 
tively, it is possible to employ an arrangement capable 
of switching in accordance with input receptacles corre- 
sponding to types of video images to be displayed by 10 
the display apparatus. 

[0278] In a mobile phone for example, the number of 
split blocks is 10 or more when the screen is in a wall- 
paper display state or in an input screen state. (In an 
extreme case, on/off may be made 1 H by 1 H. In NTSC 15 
motion picture display, the number of split blocks is not 
less than 1 and not more than 5. It is preferable to em- 
ploy an arrangement capable of changing the number 
of split blocks in multiple stages, the number of which is 
3 or more. For example, the number of blocks is 20 
changed stepwise like 0, 2, 4, 8. 
[0279] The proportion of a black display relative to the 
whole display screen which is assumed to be 1 is pref- 
erably not less than 0.2 and not more than 0.9 (i.e., not 
less than 1 .2 and not more than 9 in the units of N), par- 25 
ticularly preferably not less than 0.25 and not more than 
0.6 (i.e., not less than 1.25 and not more than 6 in the 
units of N.) If it is less than 0.20, the effect of improving 
motion picture display is low. If it is more than 0.9, the 
display portion exhibits an increased luminance and, 30 
hence, the vertical shifting of the display portion is easy 
to recognize visually. 

[0280] The number of frames per second is preferably 
not less than 10 and not more than 100 (i.e., not less 
than 1 0 Hz and not more than 1 00 Hz), more preferably 35 
not less than 1 2 and not more than 65 (i.e., not less than 
1 2Hz and not more than 65 Hz.) If the number of frames 
is too small, screen flitter becomes conspicuous, while 
if it is too large, writing from the driver circuit 14 or the 
like becomes difficult, which results in a degraded res- 40 
olution. 

[0281] Anyway, the present invention is capable of 
varying the brightness of an image by control over gate 
signal line 17. It is needless to say that the brightness 
of an image may be varied with varying current (voltage) 45 
to be applied to source signal line 1 8. Also, it is needless 
to say that the control over gate signal line 1 7 described 
earlier (with reference to Figure 33 or 35 or the like) may 
be combined with the art of varying the current (voltage) 
to be applied to source signal line 1 8. 50 
[0282] It is needless to say that the above-described 
matters are applicable to the current-based program- 
ming pixel configurations shown in Figure 38 and the 
like and the voltage-based programming pixel configu- 
rations shown in Figs. 43, 51 and 54 and the like. It is 55 
sufficient for the transistor 11 d in each of Figs. 38, 43 
and 51 to be on-off controlled. By thus turning on/off the 
wiring for feeding EL device 15 with current, the N-fold 



pulse driving method according to the present invention 
can be realized easily. 

[0283] Application of Vgl to gate signal line 1 7b for a 
1 F/N period may start at any time point in a 1 F period 
(which is not limited and may be any unit period.) This 
is because the purpose of such application is to obtain 
a predetermined mean luminance by making EL device 
1 5 assume on-state for a predetermined period of a unit 
time. However, EL device 15 had better be caused to 
emit light by application of Vgl to gate signal line 17b 
immediately after lapse of a current-based program- 
ming period (1H). This is because EL device 15 be- 
comes less susceptible to the influence from the current 
holding characteristic of capacitor 19 in Figure 1. 
[0284] It is also preferable to employ an arrangement 
capable of varying the number by which an image is to 
be split. For example, when the user depresses a bright- 
ness adjustor switch or turns a brightness adjustor vol- 
ume, the value of K is varied depending on this change 
detected. Alternatively, it is possible to employ an ar- 
rangement such as to vary the number either manually 
or automatically in accordance with the particulars of or 
data on an image to be displayed. 
[0285] Such an arrangement for varying the value ofK 
(i.e., the number by which image display portion 53 is to 
be split) can be realized easily. This is because it is suf- 
ficient to provide an arrangement capable of controlling 
or varying the timing at which data is applied to ST in 
Figure 6 (i.e., the timing at which ST is made to assume 
L level in a 1 F period.) 

[0286] While description in relation to Figure 16 and 
the like has been made of the feature that a (1 F/N) pe- 
riod for which gate signal line 17b is applied with Vgl is 
divided into plural subperiods (the number of subperiods 
is K) and gate signal line 17b is applied with Vgl for a 
1 F/(K/N) period K times, there is no limitation to this fea- 
ture. Gate signal line 1 7b may be applied with Vgl for a 
1F/(K/N) period L times (L*K). That is, the present in- 
vention has the feature that image 50 is displayed by 
controlling the period (time) for which EL device 15 is 
fed with current. Therefore, the art of repeating the 1 F/ 
(K/N) period L times (L * K) is included in the technical 
concept of the present invention. The luminance of im- 
age 50 can be varied digitally with avariation in the value 
of L. For example, the difference between the case of L 
= 2 and the case of L =3 corresponds to a 50 % change 
in luminance (contrast). It is needless to say that these 
controls are applicable to other embodiments of the 
present invention. (Of course, they are applicable to em- 
bodiments of the present invention to be described here- 
inafter.) Such controls are included in the scope of the 
N-fold pulse driving method according to the present in- 
vention. 

[0287] The foregoing embodiments are each config- 
ured to cause the display of screen 50 to be turned on/ 
off by controlling transistor 11 d serving as a switching 
device located (or formed) between EL device 15 and 
driving transistor 11a. This driving method solves the 
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problem of insufficient writing with current in a black dis- 
play state of a current-based programming configura- 
tion, thereby realizing a satisfactory resolution or black 
display. That is, the current-based programming is high- 
ly advantageous in that a satisfactory black display can 5 
be realized. The driving method to be described next is 
a method capable of realizing a satisfactory black dis- 
play by resetting driving transistor 11a. Hereinafter, this 
embodiment will be described with reference to Figure 
32. 10 
[0288] The pixel configuration shown in Figure 32 is 
basically the same as that shown is Figure 1 . In the pixel 
configuration shown in Figure 32, current Iw as pro- 
grammed is passed through EL device 15 to cause EL 
device 1 5 to emit light. That is, driving transistor 1 1 a be- 15 
comes capable of holding the ability to pass the current 
when programmed. The driving method applied to the 
Figure 32 configuration is a method which utilizes the 
ability to pass current to reset (or turn off) transistor 1 1 a. 
Hereinafter, this type of driving will be referred to as "re- 20 
set driving". 

[0289] In order to realize the reset driving with the pix- 
el configuration of Figure 1 , an arrangement capable of 
on-off controlling transistors 1 1 b and 1 1 c independently 
of each other is needed. Specifically, such an arrange- 25 
ment is capable of controlling gate signal line 1 7a (gate 
signal line WR) for on-off controlling transistor 1 1 b and 
signal line 1 7c (gate signal line EL) for on-off controlling 
transistor 11c, independently of each other. Controls 
over gate signal lines 1 7a and 1 7c can be achieved us- 30 
ing two independent shift registers 61 as shown in Fig- 
ure 6. 

[0290] The driving voltage for gate signal line WR and 
that for gate signal line EL preferably are made different 
from each other. The amplitude of the driving voltage for 35 
gate signal line WR (the difference between on-voltage 
and off-voltage) is made smaller than that of the driving 
voltage for gate signal line EL. Basically, if the amplitude 
of the driving voltage for a gate signal line is large, a 
punch-through voltage across the gate signal line and 40 
the pixel becomes high, which causes unclear black to 
occur. The amplitude of the driving voltage for a gate 
signal line WR can be adjusted by controlling the poten- 
tial of source signal line 18 not to be applied (or to be 
applied in the selected state) to pixel 16. Since fluctua- 45 
tions in the potential of source signal line 18 are small, 
the amplitude of the driving voltage for gate signal line 
WR can be decreased. On the other hand, gate signal 
line EL is required to on-off control the EL device. There- 
fore, the amplitude of the driving voltage for gate signal 50 
line EL is large. As a measure to deal with this incon- 
venience, the output voltages of the respective shift reg- 
isters 61a and 61b are made different from each other. 
In the case where each pixel comprises p-channel tran- 
sistors, the off-voltages Vgh of the respective shift reg- 55 
isters 61a and 61b are substantially equalized to each 
other, while the on-voltage Vgl of shift register 61a is 
made lower than that of shift register 61 b. 
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[0291] Hereinafter, the reset driving method will be 
described with reference to Figure 33. Figure 33 is an 
explanatory diagram illustrating the principle of the reset 
driving method. First, as shown in Figure 33(a), transis- 
tors 11c and 1 1 d are turned off, while transistor 11b 
turned on. Then, the drain terminal (D) and the gate ter- 
minal (G) of driving transistor 11a are shortcircuited, 
thus allowing current lb to pass therethrough. Generally, 
transistor 1 1 a has been programmed with current in the 
immediately preceding field (frame) and hence has the 
ability to pass current. When transistors 1 1 d and 1 1 b as- 
sume off-state and on-state, respectively, with transistor 
11a in that condition, driving current lb is passed to the 
gate terminal (G) of transistor 1 1 a, so that the potential 
at the gate terminal (G) and that at the drain terminal (D) 
are equalized to each other, thus resetting transistor 11 a 
(to a state not allowing current to pass therethrough). 
[0292] The reset state (the state not allowing current 
to pass) of transistor 11a is equivalent to an offset volt- 
age holding state of a voltage offset canceller configu- 
ration, which will be described later with reference to 
Figure 51 and the like. That is, in the state shown in Fig- 
ure 33(a), an offset voltage is held across the terminals 
of capacitor 19. This offset voltage has a voltage value 
which varies with variations in the characteristics of tran- 
sistor 11a. Therefore, when the operation illustrated in 
Figure 33(a) is performed, transistor 1 1 a does not pass 
current to capacitor 1 9 of each pixel 1 9. (That is, a black 
display current (substantially equal to zero) is held.) 
[0293] It is preferable to perform an operation of turn- 
ing transistors 1 1 b and 1 1 c off and transistor 1 1 d on to 
pass the driving current through driving transistor 11a 
prior to the operation illustrated in Figure 33(a). Prefer- 
ably, this operation is completed in a very short time. 
This is because current might pass through EL device 
15 to cause it to light thereby causing the display con- 
trast to lower. The time period for this operation is pref- 
erably not less than 0.1% and not more than 10% of a 
1H period (one horizontal scanning period), more pref- 
erably not less than 0.2% and not more than 2% of a 1 H 
period. Stated otherwise, the time period is preferably 
not less than 0.2 jusec and not more than 5 jusec. The 
aforementioned operation (the operation to be per- 
formed before the operation of Figure 33(a)) may be per- 
formed on all the pixels 16 present in the whole screen 
collectively. The operations described above can cause 
the drain terminal (D) voltage of driving transistor 1 1 a to 
lower thereby allowing current lb to pass smoothly in the 
state shown in Figure 33(a). The above-described mat- 
ters are applicable to other reset driving methods of the 
present invention. 

[0294] As the state shown in Figure 33(a) continues 
for a longer time, the terminal voltage of capacitor 19 
tends to become lower due to passage of current lb. 
Therefore, the time period for which the state shown in 
Figure 33(a) continues needs to be fixed. According to 
the experiment and study conducted by the inventors et 
al, the time period for which the state shown in Figure 
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33(a) continues is preferably not less than 1H and not 
more than 5H. Preferably, this period is varied depend- 
ing on R, G and B pixels. This is because these different 
color pixels employ different EL materials, which are dif- 
ferent in threshold voltage and the like from each other. 
The optimum periods for the respective R, G and B pix- 
els are established depending on the respective EL ma- 
terials. Though this period is set not less than 1H and 
not more than 5H in this embodiment, it is needless to 
say that the period may be set to 5H or more in a driving 
method based mainly on insertion of a black display 
(writing of a black display to the screen.) It should be 
noted that the black display state of each pixel becomes 
better as this period becomes longer. 
[0295] After the state shown in Figure 33(a) continued 
for the time period not less than 1 H and not more than 
5H, the pixel configuration is turned into the state shown 
in Figure 33(b). In the state shown in Figure 33(b), tran- 
sistors 11c and 11b are in on-state, while transistor 11 d 
in off-state. As described earlier, the state shown in Fig- 
ure 33(b) is a state where current-based programming 
is being performed. That is, source driver 14 outputs (or 
absorbs) programming current Iw to driving transistor 
1 1 a. Driving transistor 1 1 a is programmed to have such 
a gate terminal (G) potential as to cause current Iw to 
pass. (The potential thus set is held in capacitor 19.) 
[0296] If the programming current Iw is 0 (A), transis- 
tor 11a is kept in the state shown in Figure 33(a) which 
does not allow current to pass, thus realizing a satisfac- 
tory black display. In the case of current-based program- 
ming for a white display by the state shown in Figure 33 
(b), perfect current-based programming can be 
achieved from the offset voltage providing a black dis- 
play even when there are variations in the characteris- 
tics of driving transistors of pixels. Therefore, the times 
required for respective driving transistors to be pro- 
grammed with a target value are equalized to each other 
for each gray level. For this reason, there occurs no gray 
scale error due to variations in the characteristics of 
transistors 11a and, hence, satisfactory image display 
can be realized. 

[0297] After the current-based programming in the 
state shown in Figure 33(b), transistors 1 1 b and 1 1 c are 
turned off and transistor 11 d turned on to cause driving 
transistor 11a to pass programming current Iw (=le) 
through EL device 15, thereby causing EL device 15 to 
emit light. Description of the details of the state shown 
in Figure 33(c) will be omitted since similar description 
has bee made earlier with reference to Figure 1 and the 
like. 

[0298] The driving method (reset driving) illustrated in 
Figure 33 comprises: a first operation in which driving 
transistor 1 1 a and EL device 1 5 are disconnected from 
each other (or turned into a state preventing current from 
passing therebetween), while the drain terminal (D) and 
the gate terminal (G) of driving transistor 11a (alterna- 
tively, the source terminal (S) and the gate terminal (G) 
of driving transistor 11a; in more general term, two ter- 



minals of driving transistor 1 1 a including the gate termi- 
nal (G)) are shortcircuited; and a second operation in 
which driving transistor 1 1 a is programmed with current 
(voltage) after the first operation. It is at least required 
5 that the second operation be performed after the first 
operation. For the reset driving to be effected, it is nec- 
essary to provide an arrangement capable of controlling 
transistors 1 1 b and 1 1 c independently of each other as 
shown in Figure 32. 

[0299] The image display state changes as follows 
(provided instantaneous changes can be observed.) 
First, a pixel row to be programmed with current is 
turned into a reset state (i.e., black display state). After 
lapse of 1H, current-based programming is performed. 
(At this time, image display is still in the black display 
state because transistor 11 d is in off-state.) Subse- 
quently, each EL device 15 is fed with current, so that 
the pixel row emits light at a predetermined luminance 
(with a current as programmed). Specifically, it should 
be seen that the pixel row displaying black moves down- 
wardly of the screen and the image displayed is rewrit- 
ten at a position that the pixel row has just passed. 
Though the current-based programming is performed 
1H after the resetting according to the above descrip- 
tion, the period between the programming and the re- 
setting may be about 5H or less. This is because a rel- 
atively long time is required for the resetting operation 
shown in Figure 33(a) to be completed. If this period is 
set to 5H, five pixel rows will display black. (If the pixel 
row programmed with current is taken into account, six 
pixel rows will display black.) 

[0300] There is no limitation to the feature that reset- 
ting is made pixel row by pixel row, but a set of plural 
pixel rows may be reset at a time; that is, resetting may 
made plural pixel rows by plural pixel rows. Alternatively, 
it is possible to perform resetting plural pixel rows by 
plural pixel rows while performing overlapped scanning. 
For example, if four pixel rows are to be reset at a time, 
an exemplary manner of driving is as follows: pixel rows 
(1 ) to (4) are reset in the first horizontal scanning period 
(one unit); subsequently, pixel rows (3) to (6) reset in the 
second horizontal scanning period; subsequently, pixel 
rows (5) to (8) reset in the third horizontal scanning pe- 
riod; and then, pixel rows (7) to (10) reset in the fourth 
horizontal scanning period. Of course, the driving oper- 
ations shown in Figs. 33(b) and 33(c) are performed in 
synchronism with the driving operation shown in Figure 
33(a). 

[0301 ] It is needless to say that the driving operations 
shown in Figs. 33(b) and 33(c) may be performed after 
all of the pixels present in one screen have been reset 
either at a time or in a scanned fashion. It is also need- 
less to say that interlaced driving (scanning every other 
pixel row or every other set of plural pixel rows) may be 
effected to reset every other pixel row or every other set 
of plural pixel rows. Random resetting is also possible. 
The reset driving according to the present invention de- 
scribed above is a method adapted to operate pixel 
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rows. (That is, control is made vertically of the screen.) 
The concept of the reset driving is not limited to the con- 
trol in the direction in which pixel rows are arranged. It 
is needless to say that the reset driving may be per- 
formed in the direction in which pixel columns are ar- 5 
ranged for example. 

[0302] The reset driving method illustrated in Figure 
33 can realize better image display if combined with the 
N-fold pulse driving method or a like method according 
to the present invention or with the interlaced driving 10 
method. The method illustrated in Figure 22, in particu- 
lar, can easily realize an intermittent N/K-fold pulse driv- 
ing method. (This is a driving method including providing 
plural lighting regions on one screen. This driving meth- 
od can be easily practiced if gate signal line 1 7b is con- 15 
trolled so as to turn transistor 11 d on/off. This feature 
has been described earlier.) Therefore, satisfactory im- 
age display free of flicker can be realized. This is an ex- 
cellent characteristic of the method illustrated in Figure 
22 or its variations. It is also needless to say that the 20 
reset driving method can realize much better image dis- 
play if combined with other driving methods including, 
for example, the reverse bias driving method, precharge 
driving method and punch-through voltage driving meth- 
od to be described later. Thus, it is needless to say that 25 
the reset driving method can be implemented in combi- 
nation with other embodiments herein described. 
[0303] Figure 34 is a diagram showing the configura- 
tion of a display apparatus for realizing the reset driving. 
Gate driver 12a controls gate signal lines 17a and 17b 30 
of Figure 32. Application of on-voltage and off voltage 
to gate signal line 1 7a allows transistor 1 1 b to be on-off 
controlled. Application of on-voltage and off-voltage to 
gate signal line 17b allows transistor 1 1 d to be on-off 
controlled. Gate driver 1 2b controls gate signal line 1 7c 35 
of Figure 32. Application of on-voltage and off-voltage 
to gate signal line 1 7c allows transistor 1 1 c to be on-off 
controlled. 

[0304] Thus, gate signal lines 17a and 17c are oper- 
ated by gate drivers 12a and 12b, respectively. For this 40 
reason, it is possible to freely control the timing at which 
transistor 1 1 b is turned on to reset driving transistor 1 1 a 
and the timing at which transistor 11c is turned on to 
program driving transistor 11a with current. Reference 
character 341 a in Figure 34 designates the circuit of an 45 
output section. Since other features and the like are 
identical with or similar to the features described earlier, 
description thereof will be omitted. 
[0305] Figure 35 is a timing chart of the reset driving. 
When transistor 11a is reset by applying on-voltage to 50 
gate signal line 17a to turn transistor 11b on, transistor 
1 1 d is turned off by application of off voltage to gate sig- 
nal line 17b. Thus, the configuration assumes the state 
shown in Figure 32(a). During this period, current lb is 
passed. 55 
[0306] According to the timing chart of Figure 35, re- 
set time is set to 2H (during which gate signal line is 
under application of on-voltage and hence transistor 11b 
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is in on-state.) However, there is no limitation to this fea- 
ture, but the reset time may be 2H or more. In the case 
where resetting can be made very rapidly, the rest time 
may be less than 1H. The reset time can be varied to 
any desired H period easily by varying the pulse period 
of DATA (ST) to be inputted to gate driver 12. For exam- 
ple, if DATA to be inputted to ST terminal assumes H 
level for a 2H period, the reset time outputted from each 
gate signal line 1 7a is a 2H period. Similarly, if DATA to 
be inputted to ST terminal assumes H level for a 5H pe- 
riod, the reset time outputted from each gate signal line 
17a is a 5H period. 

[0307] After the reset state for a 1H period, gate signal 
line 17c(1) of pixel row (1) is applied with on-voltage. 
When transistor 11c is turned on, driving transistor 11a 
is written with the programming current applied to 
source signal line 18 via transistor 11c. 
[0308] After the current-based programming, gate 
signal line 1 7c of pixel row (1 ) is applied with off voltage 
to turn transistor 11c off, thereby disconnecting each 
pixel from source signal line 1 8. At the same time, gate 
signal line 1 7a is also applied with off-voltage to release 
driving transistor 11 a from the reset state. (In this period, 
the expression "current-based programmed state" is 
more proper than the expression "reset state".) Further, 
gate signal line 17b is applied with on-voltage to turn 
transistor 1 1 d on, thereby causing the current pro- 
grammed at driving transistor 1 1 a to be passed through 
EL device 15. Since the operation on pixel row (2) and 
the succeeding pixel rows is the same as that on pixel 
row (1) and since that operation is obvious from Figure 
35, description thereof will be omitted. 
[0309] In Figure 35, the reset period is a 1H period. 
Figure 36 illustrates an embodiment having a reset pe- 
riod of 5H. The reset period can be varied to any desired 
H period easily by varying the pulse period of DATA (ST) 
to be inputted to gate driver 12. Figure 36 is directed to 
the embodiment having settings such that DATA to be 
inputted to ST1 terminal of gate driver 12a assumes H 
level for a 5H period and the reset period outputted from 
each gate signal line 17a is a 5H period. As the reset 
period becomes longer, more perfect resetting is 
achieved, thus realizing better black display. However, 
the display luminance is lowered by a degree corre- 
sponding to the proportion of the reset period. 
[0310] In the embodiment of Figure 36, the reset pe- 
riod is set to 5H and the reset state is continuous. How- 
ever, there is no limitation to such a continuous reset 
state. For example, it is possible to turn on/off the signal 
outputted from each gate signal line 1 7a on a 1 H basis. 
Such an on-off operation can be easily realized by op- 
erating an enabling circuit (not shown) formed in the out- 
put section of the shift register or controlling the DATA 
(ST) pulse to be inputted to gate driver 12. 
[031 1 ] The circuit configuration shown in Figure 34 re- 
quires at least two shift register circuits (one for control- 
ling gate signal line 1 7a and the other for controlling gate 
signal line 1 7b.) For this reason, there arises a problem 
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of gate driver 1 2a having an increased circuit scale. Fig- 
ure 37 shows an embodiment wherein gate driver 12a 
has a single shift register. The timing chart of output sig- 
nals in the operation of the circuit of Figure 37 is as 
shown in Figure 35. Attention should be given to Figs. 5 
35 and 37 which use different signs to designate each 
of gate signal lines 17 extending from gate drivers 12a 
and 12b. 

[0312] As can be clearly understood from the config- 
uration of Figure 37 which additionally includes OR cir- 10 
cuit 371 , OR is taken from the output of the current stage 
and the output of the preceding stage of shift register 
circuit 61a and outputted to each gate signal 17a. That 
is, gate signal line 17a outputs on-voltage for a 2H pe- 
riod. On the other hand, the output of shift register 61 a, 15 
as it is, is outputted to gate signal line 17c. Therefore, 
gate signal line 17c is under application of on-voltage 
for a 1 H period. 

[0313] For example, when an H level signal is output- 
ted to the second stage of shift register circuit 61 a, on- 20 
voltage is outputted to gate signal line 17c of pixel 16 
(1), thus making pixel 16(1) programmed with current 
(or voltage). At the same time, on-voltage is also out- 
putted to gate signal line 17a of pixel 16(2) to turn on 
transistor 1 1 b of pixel 1 6(2), thus resetting driving tran- 25 
sistor 1 1 a of pixel 1 6(2). 

[0314] Similarly, when an H level signal is outputted 
to the third stage of shift register circuit 61a, on-voltage 
is outputted to gate signal line 17c of pixel 16(2), thus 
making pixel 16(2) programmed with current (or volt- 30 
age). At the same time, on-voltage is also outputted to 
gate signal line 17a of pixel 16(3) to turn on transistor 
11b of pixel 16(3), thus resetting driving transistor 11a 
of pixel 16(3). That is, gate signal line 17a continues to 
output on-voltage for a 2H period, while gate signal line 35 
1 7c continues to be applied with on-voltage for a 1 H pe- 
riod. 

[031 5] Transistors 1 1 b and 1 1 c assume on-state (see 
Figure 33(b)) at the same time when each pixel is pro- 
grammed (see Figure 33(b)). For this reason, if transis- 40 
tor 11c is turned into off-state prior to transistor 11b in 
switching the pixel to an unprogrammed state, transistor 
1 1 a assumes the reset state shown in Figure 33(b) un- 
desirably. To avoid this inconvenience, transistor 11c 
needs to be turned off after the turning-off of transistor 45 
1 1 b. Accordingly, it is required that control be performed 
so that gate signal line 1 7a can be applied with on-volt- 
age prior to the application of on-voltage to gate signal 
line 17c. 

[0316] The foregoing embodiment is applied to the 50 
pixel configuration shown in Figure 32 (basically Figure 
1 ). However, the present invention is not limited thereto. 
For example, this embodiment is applicable to a current 
mirror pixel configuration as shown in Figure 38. With 
the pixel configuration of Figure 38, the N-fold pulse driv- 55 
ing method as illustrated in Figure 13 or 15 or the like 
can be practiced by on-off control over transistor 11e. 
Figure 39 is an explanatory diagram illustrating an em- 



bodiment based on the current mirror pixel configuration 
shown in Figure 38. Hereinafter, a reset driving method 
applied to the current mirror pixel configuration will be 
described with reference to Figure 39. 
[0317] As shown in Figure 39(a), transistors 11c and 
11 e are turned off, while transistor 11 d turned on. Then, 
the drain terminal (D) and the gate terminal (G) of cur- 
rent-based programming transistor 11b are short- 
circuited, thus allowing current lb to pass therethrough. 
Generally, transistor 11b has been programmed with 
current in an immediately preceding field (frame) and 
hence has the ability to pass current. (This is natural 
because the gate potential is held by capacitor 1 9 for a 
1 F period to perform image display. However, current is 
not passed in the case of perfect black display.) When 
transistors 11 e and 11 d assume off-state and on-state, 
respectively, with transistor 1 1 b in that condition, driving 
current lb is passed toward the gate terminal (G) of tran- 
sistor 11a. (That is, gate terminal (G) and drain terminal 
(D) become shortcircuited.) Accordingly, the potential at 
the gate terminal (G) and that at the drain terminal (D) 
are equalized to each other, thus resetting transistor 1 1 a 
(to a state not allowing current to pass). Since the gate 
terminal (G) of driving transistor 1 1 b and that of current- 
based programming transistor 1 1 a are common, driving 
transistor 11b is also reset. 

[0318] Each of the reset states (the state not allowing 
current to pass) of respective transistors 1 1 a and 1 1 b is 
equivalent to an offset voltage holding state of the volt- 
age offset canceller configuration, which will be de- 
scribed later with reference to Figure 51 and the like. 
That is, in the state shown in Figure 39(a), an offset volt- 
age is held across the terminals of capacitor 19. (The 
offset voltage is an initiating voltage causing current to 
start passing. Application of a voltage having an abso- 
lute value equal to or larger than the absolute value of 
the offset voltage causes current to pass through tran- 
sistor 1 1 .) This offset voltage has a voltage value which 
is variable in accordance with the characteristics of tran- 
sistors 11a and 11b. Therefore, when the operation il- 
lustrated in Figure 39(a) is performed, transistors 11a 
and 1 1 b do not pass current to capacitor 1 9 of each pix- 
el. (That is, a black display current (substantially equal 
to zero) state is kept; stated otherwise, resetting to the 
initiating voltage causing current to start passing is 
made.) 

[0319] As in the case of Figure 33(a), as the reset 
state shown in Figure 39(a) continues for a longer time, 
the terminal voltage of capacitor 19 tends to become 
lower due to passage of current lb. Therefore, the time 
period for which the state shown in Figure 39(a) contin- 
ues needs to be fixed. According to the experiment and 
study conducted by the inventors et al., the time period 
for which the state shown in Figure 33(a) continues is 
preferably not less than 1H and not more than 10H (10 
horizontal scanning periods), more preferably not less 
than 1 H and not more than 5H. Specifically, the time pe- 
riod is preferably not less than 20 jusec and not more 
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than 2 msec. This holds true for the driving method il- 
lustrated in Figure 33. 

[0320] As in the case of Figure 33(a), when the oper- 
ation is performed so that the reset state shown in Figure 
39(a) synchronizes to the current-based programmed 
state shown in Figure 39(a), the time period required for 
the current-based programmed state shown in Figure 
39(b) to be reached from the reset state shown in Figure 
39(a) has a fixed value (constant value) and, therefore, 
there arises no problem. That is, the time period from 
the reset state shown in Figure 33(a) or 39(a) to the cur- 
rent-based programmed state shown in Figure 33(b) or 
39(b) is preferably not less than 1 H and not more than 
10H (10 horizontal scanning periods), more preferably 
not less than 1 H and not more than 5H. Specifically, the 
time period is preferably not less than 20 jusec and not 
more than 2 msec. If this time period is too short, driving 
transistor 1 1 is not completely reset, while if it is too long, 
driving transistor 11 assumes complete off-state, which 
in turn results in the current-based programming taking 
a longer time. In addition, the luminance of screen 50 is 
lowered. 

[0321] Subsequently to the state shown in Figure 39 
(a), the pixel configuration is turned into the state shown 
in Figure 39(b) where transistors 1 1 c and 1 1 b are in on- 
state, while transistor 11 d in off-state. The state shown 
in Figure 39(b) is a state where current-based program- 
ming is being performed. That is, source driver 14 out- 
puts (or absorbs) programming current Iw and passes 
the programming current Iw to driving transistor 1 1 a. Ca- 
pacitor 1 9 is programmed with the gate terminal (G) po- 
tential of driving transistor 11b so that current Iw will 
pass through driving transistor 11a. 
[0322] If the programming current Iw is 0 (A) (black 
display), transistor 11b is kept in the state shown in Fig- 
ure 33(a) which does not allow current to pass, thus re- 
alizing a favorable black display. In the case of current- 
based programming for white display by the state shown 
in Figure 39(b), perfect current-based programming can 
be achieved from the offset voltage providing a black 
display (the initiating voltage causing the current set in 
accordance with the characteristics of driving transistors 
to start passing) even when there are variations in the 
characteristics of driving transistors of respective pixels. 
Therefore, the times required for respective driving tran- 
sistors to be programmed with a current of a target value 
are equalized to each other for each gray level. For this 
reason, there occurs no gray scale error due to varia- 
tions in the characteristics of transistors 1 1 a or 1 1 b and, 
hence, satisfactory image display can be realized. 
[0323] After the current-based programming in the 
state shown in Figure 39(b), transistors 1 1 b and 1 1 c are 
turned off and transistor 11 e turned on to cause driving 
transistor 11b to pass programming current Iw (= le) 
through EL device 15, thereby causing EL device 15 to 
emit light. Description of the details of the state shown 
in Figure 39(c) will be omitted since similar description 
has bee made earlier. 



[0324] The driving method (reset driving) illustrated in 
Figure 33 or 39 comprises: a first operation in which driv- 
ing transistor 11a or 11b and EL device 15 are discon- 
nected from each other (or turned into a state preventing 
5 current from passing therebetween by transistor 1 1 e or 
1 1 d), while the drain terminal (D) and the gate terminal 
(G) of the driving transistor (alternatively, the source ter- 
minal (S) and the gate terminal (G) of the driving tran- 
sistor, more generally, two terminals of the driving tran- 
sistor including gate terminal (G)) are shortcircuited; and 
a second operation in which the driving transistor is pro- 
grammed with current (or voltage) after the first opera- 
tion. It is at least required that the second operation be 
performed after the first operation. The operation of dis- 
connecting driving transistor 11a or 11b and EL device 
15 from each other is not necessarily indispensable. 
Even if the first operation of shortcircuiting the drain ter- 
minal (D) and the gate terminal (G) of the driving tran- 
sistor is performed without disconnecting driving tran- 
sistor 1 1 a or 1 1 b and EL device 1 5 from each other, it is 
possible that variations in the reset state are not so se- 
rious in some cases. Whether driving transistor 11a or 
11b is to be disconnected from EL device 15 or not is 
decided based on examination of the transistor charac- 
teristics of the array manufactured. 
[0325] The current mirror pixel configuration shown in 
Figure 39 is a driving method including resetting the cur- 
rent-based programming transistor 1 1 a, which results in 
the resetting of the driving transistor 11b. 
[0326] With the current mirror pixel configuration of 
Figure 39, the operation of disconnecting driving tran- 
sistor 11b and EL device 15 from each other need not 
necessarily be performed in the reset state. Thus, the 
driving method comprises: a first operation in which the 
drain terminal (D) and the gate terminal (G) of the cur- 
rent-based programming transistor (alternatively, the 
source terminal (S) and the gate terminal (G) of the cur- 
rent-based programming transistor, more generally, two 
terminals of the current-based programming transistor 
or the driving transistor including gate terminal (G)) are 
shortcircuited; and a second operation in which the cur- 
rent-based programming transistor is programmed with 
current (or voltage) after the first operation. It is at least 
required that the second operation be performed after 
the first operation. 

[0327] The image display state changes as follows 
(provided instantaneous changes can be observed.) 
First, a pixel row to be programmed with current is 
turned into a reset state (i.e., black display state). After 
lapse of 1H, current-based programming is performed. 
Specifically, it should be seen that the pixel row display- 
ing black moves downwardly of the screen and the im- 
age displayed is rewritten at a position that the pixel row 
has just passed. 

[0328] Though the foregoing description of the em- 
bodiment is directed mainly to the current-based pro- 
gramming pixel configuration, the reset driving accord- 
ing to the present invention is applicable to voltage- 
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based programming pixel configurations. Figure 43 is 
an explanatory diagram illustrating a pixel configuration 
(panel configuration) according to the present invention 
for practicing a reset driving method with a voltage- 
based programming pixel configuration. 5 
[0329] In the pixel configuration shown in Figure 43, 
there is formed transistor 11 e for causing driving tran- 
sistor 11a to be reset. When gate signal line 17e is ap- 
plied with on-voltgage to turn transistor 11 e on, which 
causes the gate terminal (G) and the drain terminal (D) 10 
of driving transistor 11a to become shortcircuited. The 
pixel configuration is also formed with transistor 11 d for 
cutting off the current path between EL device 15 and 
driving transistor 1 1 d. Hereinafter, the reset driving 
method applied to the voltage-based programming, pix- 15 
el configuration will be described with reference to Fig- 
ure 44. 

[0330] As shown in Figure 44(a), transistors 11b and 
1 1 c are turned off, while transistor 1 1 e turned on. Then, 
the drain terminal (D) and the gate terminal (G) of driving 20 
transistor 1 1 a become shortcircuited, thus allowing cur- 
rent lb to pass as shown. Accordingly, the potential at 
the gate terminal (G) and that at the drain terminal (D) 
of driving transistor 1 1 a are equalized to each other, thus 
resetting transistor 11a (to a state not allowing current 25 
to pass therethrough.) Before the resetting of transistor 
11a, current has been made passing through transistor 
11a by initially turning transistors 11 d and 11 e on and 
off, respectively, in synchronism with an HD synchroniz- 
ing signal, as described with reference to Figure 33 or 30 
39. Thereafter, the operation illustrated in Figure 44 is 
performed. 

[0331 ] Each of the reset states (the state not allowing 
current to pass) of respective transistors 1 1 a and 1 1 b is 
equivalent to the offset voltage holding state of the volt- 35 
age offset canceller configuration described in relation 
to Figure 41 or the like. That is, in the state shown in 
Figure 44(a), an offset voltage (reset voltage) is held 
across the terminals of capacitor 1 9. This offset voltage 
has a voltage value which is variable in accordance with 40 
the characteristics of transistor 11a. Therefore, when 
the operation illustrated in Figure 44(a) is performed, 
transistor 11a does not pass current to capacitor 19 of 
each pixel. (That is, a black display current (substantially 
equal to zero) state is kept; stated otherwise, resetting 45 
to the initiating voltage causing current to start passing 
is made.) 

[0332] As in the current-based programming pixel 
configuration, as the reset state shown in Figure 44(a) 
of the voltage-based programming pixel configuration 50 
continues for a longer time, the terminal voltage of ca- 
pacitor 1 9 tends to become lower due to passage of cur- 
rent lb. Therefore, the time period for which the state 
shown in Figure 44(a) continues needs to be fixed. This 
time period is preferably not less than 0.2H and not more 55 
than 5H (five horizontal scanning periods), more prefer- 
ably not less than 0.5H and not more than 4H. Specifi- 
cally, the time period is preferably not less than 2 jusec 



and not more than 400 \xsec. 

[0333] It is preferable that gate signal line 1 7e and the 
gate signal line 17a of an antecedent pixel row form a 
common line. That is, gate signal line 17e is formed as 
shortcircuited to gate signal line 1 7 a of the antecedent 
pixel row. This configuration is referred to as "anteced- 
ent gate control method". The antecedent gate control 
method uses a waveform applied to the gate signal line 
of a pixel row having been selected at least 1H before 
the selection of a pixel row concerned. Therefore, the 
antecedent pixel row is not limited to the immediately 
preceding pixel row. For example, transistor 1 1 a of a pix- 
el row concerned may be reset by using the signal wave- 
form applied to the gate signal of the pixel row next to 
the immediately preceding pixel row. 
[0334] More specifically, the antecedent gate control 
method is as follows. It is assumed that: a pixel row con- 
cerned is the (N)th pixel row having gate signal lines 1 7e 
(N) and 17a(N); a pixel row selected 1H before is the 
(N-1 )th pixel row having gate signal lines 1 7e(N-1 ) and 
17a(N-1); and a pixel row to be selected 1H after the 
selection of the pixel row concerned is the (N+1 )th pixel 
row having gate signal lines 1 7e(N+1 ) and 1 7a(N+1 ). 
[0335] In the (N-1)th H period; when gate signal line 
17a(N-1) of the (N-1)th pixel row is applied with on-volt- 
age, gate signal line 1 7e(N) of the (N)th pixel row is also 
applied with on-voltage. This is because gate signal line 
1 7e(N) is formed as shortcircuited to gate signal line 1 7a 
(N-1 ) of the antecedent pixel row. Accordingly, transistor 
1 1 b(N-1 ) of each pixel of the (N-1 )th pixel row is turned 
on to write the voltage of source signal line 18 to the 
gate terminal (G) of driving transistor 11a(N-1). At the 
same time, transistor 11e(N) of the (N)th pixel row is 
turned on to shortcircuit the gate terminal (G) and the 
drain terminal (D) of driving transistor 11a(N), thereby 
resetting driving transistor 11a(N). 
[0336] In the (N)th period following the (N-1)th H pe- 
riod, when gate signal line 1 7a(N) of the (N)th pixel row 
is applied with on-voltage, gate signal line 17e(N+1) of 
the (N+1 )th pixel row is also applied with on-voltage. Ac- 
cordingly, transistor 1 1 b(N) of each pixel of the (N)th pix- 
el row is turned on to write the voltage applied to source 
signal line 1 8 to the gate terminal (G) of driving transistor 
11a(N). At the same time, transistor 11e(N+1) of each 
pixel of the (N+1 )th pixel row is turned on to shortcircuit 
the gate terminal (G) and the drain terminal (D) of driving 
transistor 11a(N+1), thereby resetting driving transistor 
11a(N+1). 

[0337] A similar operation proceeds for the following 
pixel rows. In the (N+1 )th H period following the (N)th H 
period, when gate signal line 17a(N+1) of the (N+1)th 
pixel row is applied with on-voltage, gate signal line 1 7e 
(N+2) of the (N+2)th pixel row is also applied with on- 
voltage. Accordingly, transistor 11b(N+1) of each pixel 
of the (N+1 )th pixel row is turned on to write the voltage 
applied to source signal line 18 to the gate terminal (G) 
of driving transistor 11a(N+1). At the same time, tran- 
sistor 1 1 e(N+2) of each pixel of the (N+2)th pixel row is 
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turned on to shortcircuit the gate terminal (G) and the 
drain terminal (D) of driving transistor 1 1 a(N+2), thereby 
resetting driving transistor 11a(N+2). 
[0338] With the antecedent gate control method ac- 
cording to the present invention, driving transistor 11a 
is reset for a 1 H period, followed by voltage-based pro- 
gramming. 

[0339] As in the case of Figure 33(a), when the oper- 
ation is performed so that the reset state shown in Figure 
44(a) synchronizes to the current-based programmed 
state shown in Figure 44(a), the time period required for 
the current-based programming state shown in Figure 
44(b) to be reached has a fixed value (constant value) 
and, therefore, there arises no problem. If this time pe- 
riod is too short, driving transistor 11a is not completely 
reset, while if it is too long, driving transistor 11a as- 
sumes complete off state, which in turn results in the 
current-based programming taking a longer time. Fur- 
ther, the luminance of screen 12 is lowered. 
[0340] Subsequently to the state shown in Figure 44 
(a), the pixel configuration is turned into the state shown 
in Figure 44(b) where transistors 1 1 b is in on-state, while 
transistors 11 e and 1 1 d in off-state. The state shown in 
Figure 44(b) is a state where current-based program- 
ming is being performed. That is, source driver 14 out- 
puts the programming current, which is then written to 
the gate terminal (G) of driving transistor 11a (i.e., ca- 
pacitor 19 is programmed with the potential of the gate 
terminal (G) of driving transistor 11 a.) In the case of volt- 
age-based programming, transistor 11 d need not nec- 
essarily be turned off at the time of voltage-based pro- 
gramming. Transistor 1 1 e will not be needed if the com- 
bination with the N-fold pulse driving method as shown 
in Figs. 13 or 15 or the like is unnecessary or if the in- 
termittent N/K pulse driving method does not need to be 
practiced. (The intermittent NK-fold pulse driving meth- 
od is a driving method including providing plural lighting 
regions on one screen. This driving method can be eas- 
ily practiced if transistor 11 e is caused to turn on/off.) 
Since this feature has been described earlier, descrip- 
tion thereof will be omitted. 

[0341] In the case where a white display is provided 
by voltage-based programming using the configuration 
shown in Figure43 or the driving method illustrated in 
Figure 44, perfect voltage-based programming can be 
achieved from the offset voltage providing a black dis- 
play (the initiating voltage causing the current set in ac- 
cordance with the characteristics of driving transistors 
to pass) even when there are variations in the charac- 
teristics of driving transistors of respective pixels. There- 
fore, the times required for respective driving transistors 
to be programmed with a target value are equalized to 
each other for each gray level. For this reason, there 
occurs no gray scale error due to variations in the char- 
acteristics of transistors 1 1 a and, hence, satisfactory im- 
age display can be realized. 

[0342] After the voltage-based programming illustrat- 
ed in Figure 44(b), transistors 11b is turned off and tran- 



sistor 1 1 d turned on to cause driving transistor 11a to 
pass the programming current through EL device 15, 
thereby causing EL device 15 to emit light. 
[0343] Thus, the reset driving method based on the 

5 voltage-based programming illustrated in Figure 43 
comprises: a first operation in which transistor 11 d is 
turned on and transistor 11e turned off in synchronism 
with an HD synchronizing signal to pass current to tran- 
sistor 1 1 a; a second operation in wh ich driving transistor 

10 11a and EL device 1 5 are disconnected from each other, 
while the drain terminal (D) and the gate terminal (G) of 
the driving transistor 11a (alternatively, the source ter- 
minal (S) and the gate terminal (G) of the driving tran- 
sistor 11a, more generally, two terminals of the driving 

15 transistor including gate terminal (G)) are shortcircuited; 
and a third operation in which the driving transistor 11a 
is programmed with voltage after the second operation. 
[0344] In the embodiment described above, transistor 
11 d is on-off controlled to control the current to be 

20 passed from driving transistor 11a (in the case of the 
pixel configuration shown in Figure 1) to EL device 15. 
In order for transistor 11 d to be on-off controlled, gate 
signal lines 1 7b need to be scanned. Such scanning re- 
quires shift register 61 (gate circuit 12). Since shift reg- 

25 ister 61 is large in size, use of shift register 61 for control 
over gate signal lines 17b will prevent the frame from 
being narrowed. The method to be described with ref- 
erence to Figure 40 solves this problem. 
[0345] Though the present invention is described by 

30 reference mainly to examples of current-based pro- 
gramming pixel configuration as shown in Figure 1 and 
the like, the present invention is not limited to these ex- 
amples. It is needless to say that the present invention 
is applicable even to other current-based programming 

35 pixel configurations (including a current mirror pixel con- 
figuration) as described with reference to Figure 38 and 
the like. It is also needless to say that the technical con- 
cept of on-off control on a block-by-block basis is appli- 
cable to voltage-based programming pixel configura- 

40 tions as shown in Figure 41 and the like. Since the 
present invention is directed to a method of intermittent- 
ly passing current through EL device 15, it is needless 
to say that the present invention can be combined with 
a method of application of reverse bias voltage to be 

45 described with reference to Figure 50 or the like. Thus, 
the present invention can be practiced in combination 
with other embodiments. 

[0346] Figure 40 illustrates an embodiment of a block 
driving method. For easy explanation, it is assumed that 

50 gate driver 1 2 is formed directly on substrate 71 or gate 
driver 12 in a silicon chip form is mounted on substrate 
71 . Further, source driver 1 4 and source signal lines are 
omitted from the figure to avoid complicated drawing. 
[0347] In Figure 40, gate signal line 1 7a is connected 

55 to gate driver 12. On the other hand, gate signal line 17b 
associated with each pixel is connected to lighting con- 
trol line 401 . In Figure 40, four gate signal lines 1 7b are 
connected to one lighting control line 401. 
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[0348] Though four gate signal lines 17b form one 
block in the configuration, there is no limitation thereto 
but it is needless to say that one block may consist of 
more than four gate signal lines 17b. Generally, display 
region 50 is preferably divided into 5 or more, more pref- 5 
erably 1 0 or more, much more preferably 20 or more. If 
the number by which display region 50 is divided is too 
small, flicker is likely to become conspicuous. On the 
other hand, if the number is too large, the number of 
lighting control lines 401 becomes large, which makes 10 
it difficult to layout such control lines 401 . 
[0349] Since a QCIF display panel has 220 vertical 
scanning lines, these lines need to be divided into blocks 
by at least 5 (i.e., 220/5 = 44), preferably 10 or more 
(220/1 0 = 11). There are some cases where two blocks 15 
are sufficient because less flicker occurs in display re- 
gion 50 which is divided into two blocks, one consisting 
of odd number rows, the other consisting of even 
number rows. 

[0350] In the embodiment shown in Figure 40, lighting 20 
control lines 401a, 401b, 401c, 401d, 401 n are se- 
quentially applied with on-voltage (Vgl) or off-voltage 
(Vgh) to turn EL devices 1 5 on/off block by block. 
[0351] In the embodiment shown in Figure 40, gate 
signal line 1 7b and lighting control line 401 do not cross 25 
each other. Therefore, the embodiment is free from such 
a failure that gate signal line 1 7b and lighting control line 
401 become shortcircuited. Further, since there is noca- 
pacitive coupling between gate signal line 1 7b and light- 
ing control line 401 , a very small capacitance is added 30 
when the gate signal line 1 7d side is viewed from lighting 
control line 401 . Therefore, lighting control line 401 can 
be driven easily. 

[0352] Gate driver 12 is connected to gate signal line 
17a. When gate signal line 17a is applied with on-volt- 35 
age, the pixel row associated therewith is selected and 
transistors 11b and 11c of each of the selected pixels 
are turned on to program capacitor 1 9 of each pixel with 
the current (voltage) applied to source signal line 1 8. On 
the other hand, gate signal line 1 7b is connected to the 40 
gate terminal (G) of transistor 1 1 d of each pixel. Accord- 
ingly, when lighting control line 401 is applied with on- 
voltage (Vgl), a current path is formed between driving 
transistor 1 1 a and EL device 1 5, whereas when it is ap- 
plied with off-voltage (Vgh), the anode terminal of EL 45 
device 15 is opened. 

[0353] It is preferable that the control timing at which 
on-voltage and off-voltage are applied to lighting control 
line 401 and the timing at which gate driver 12 outputs 
pixel row selecting voltage (Vgl) to gate signal line 17a 50 
synchronize to one horizontal scanning clock (1H). 
However, there is not limitation thereto. 
[0354] The signal to be applied to lighting control line 
401 merely on-off controls the current to be passed to 
ELdevice 15. Thatsignal need not synchronize to image 55 
data to be outputted from source driver 14. This is be- 
cause the signal to be applied to lighting control line 401 
functions to control the current programmed at capacitor 



1 9 of each pixel 1 6. Therefore, this signal need not nec- 
essarily synchronize to the pixel row selecting signal. 
Even if they synchronize to each other, the clock is not 
limited to 1 H but may be 1/2H or 1/4H. 
[0355] In the case of the current mirror pixel configu- 
ration shown in Figure 38, transistor 11 e can be on-off 
controlled if gate signal line 1 7b is connected to lighting 
control line 401 . Thus, the block driving can be realized. 
[0356] The pixel configuration shown in Figure 32 can 
realize the block driving if gate signal line 17a is con- 
nected to lighting control signal 401 and the reset driving 
is performed. In this case, the block driving method ac- 
cording to the present invention is a driving method in 
which plural pixel rows are turned into the non-lighting 
state (or the black display state) at a time using one con- 
trol line. 

[0357] The embodiment described above has an ar- 
rangement where one pixel row selecting gate signal 
line is provided (formed) for each pixel row. The present 
invention is not limited to this arrangement but may have 
such an arrangement that one selecting gate signal line 
is provided (formed) for each set of plural pixel rows. 
[0358] Figure 41 illustrates an embodiment of that ar- 
rangement. For easy explanation, the pixel configura- 
tion shown in Figure 1 will be mainly exemplified. In Fig- 
ure 41 , gate signal line 1 7a is designed to select three 
pixels (1 6R, 1 6G and 1 6B) at a time. The signs "R", "G" 
and "B" are meant to relate to red pixel, green pixel and 
blue pixel, respectively. 

[0359] Accordingly, selection of gate signal line 17a 
causes pixels 1 6R, 1 6G and 1 6B to be selected and writ- 
ten with data at a time. Pixel 1 6R writes data from source 
signal line 18R to capacitor 19R, pixel 16G writes data 
from source signal line 1 8G to capacitor 1 9G, and pixel 
1 6B writes data from source signal line 1 8B to capacitor 
19B. 

[0360] Transistor 11 d of pixel 16R is connected to 
gate signal line 17bR. Similarly, transistor 11 d of pixel 
16G is connected to gate signal line 17bG, while tran- 
sistor 1 1 d of pixel 16B is connected to gate signal line 
1 7bB. Accordingly, EL device 1 5R of pixel 1 6R, EL de- 
vice 15G of pixel 16G and EL device 15B of pixel 16B 
can be on-off controlled independently of each other. 
That is, EL device 15R, EL device 15G and EL device 
1 5B can be individually controlled as to their lighting time 
and lighting cycle by individual control over gate signal 
lines 17bR, 17bG and 17bB. 

[0361 ] In realizing this operation, it is suitable that the 
configuration shown in Figure 6 is. formed (provided) 
with the four shift register circuits: shift register circuit 
61 for scanning gate signal line 1 7a, shift register circuit 
61 for scanning gate signal line 1 7bR, shift register cir- 
cuit 61 for scanning gate signal line 1 7bG, and shift reg- 
ister circuit 61 for scanning gate signal line 1 7bB. 
[0362] In spite of the foregoing description of the fea- 
ture that a current N times as high as the predetermined 
current is passed through source signal line 18 to feed 
EL device 15 with the current N times as high as the 
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predetermined current for a 1 /N period, this feature can- 
not be realized practically. This is because actually the 
signal pulse applied to gate signal line 17 punches 
through capacitor 1 9 thereby making it impossible to set 
a desired voltage value (or current value) at capacitor 
19. Generally, a voltage value (or current value) lower 
than a desired voltage value (or current value) is set at 
capacitor 19. For example, even when driving is per- 
formed so as to set a 10-fold current value, a current 
having about 5-fold value at most can beset at capacitor 
1 9. Even when N = 1 0, EL device 1 5 is actually fed with 
a current equal to the current that is fed thereto when N 
= 5. Thus, the present invention is directed to a driving 
method including setting an N-fold current value so that 
EL device can be fed with a current that is proportional 
to or corresponding to the N-fold value, or a driving 
method including application of a current in a pulse form 
having a value higher than a desired value to EL device 
15. 

[0363] The present invention is also directed to the 
driving method including: programming driving transis- 
tor 1 1 a (in the case of Figure 1 ) with a current (or a volt- 
age) having a value higher than a desired value (i.e., a 
current such as to cause EL device 15 to exhibit a lumi- 
nance higher than a desired luminance when the cur- 
rent, as it is, is continuously passed through EL device 
15); and intermittently feeding the current to EL device 
15 to cause EL device to emit light at the desired lumi- 
nance. 

[0364] It should be noted that a circuit compensating 
for the punch-through voltage reaching capacitor 19 is 
incorporated in source driver 1 4. This feature will be de- 
scribed later. 

[0365] It is preferable that switching transistors 11b 
and 11c of Figure 1 each comprise an n-channel tran- 
sistor. This is because the punch-through voltage reach- 
ing capacitor 19 can be lowered by such an arrange- 
ment. Further, since off-leakage at capacitor 19 is re- 
duced, this arrangement is applicable to a low frame rate 
not higher than 10 Hz. 

[0366] In some pixel configurations, the punch- 
through voltage may act to increase the current to be 
fed to EL device 15. In such cases, white peak current 
increases thereby to make the contrast of image display 
higher. Thus, it is possible to realize satisfactory image 
display. 

[0367] Conversely, such a method is effective as to 
improve black display by using a p-channel transistor 
for each of switching transistors 11b and 11c to allow 
punch through to occur. In this case, voltage Vgh is used 
to turn p-channel transistor 1 1 b off. For this reason, the 
terminal voltage of capacitor 1 9 slightly shifts toward the 
Vdd side. Thus, the gate terminal (G) voltage of transis- 
tor 11a rises, thus leading to a more satisfactory black 
display. Further, since the value of current for realizing 
a first-level gray scale display can be increased (i.e., a 
given base current can be passed until gray level 1 is 
reached), the occurrence of insufficient writing with cur- 



rent in current-based programming can be reduced. 
[0368] Other effective arrangements include an ar- 
rangement in which capacitor 1 9b is intentionally formed 
between gate signal line 17a and the gate terminal (G) 
5 of transistor 1 1 a to increase punch-through voltage (see 
Figure 42(a).) This capacitor 19b preferably has a ca- 
pacitance not less than 1/50 and mot more than 1/1 0 as 
large as the capacitance of the regularly-provided ca- 
pacitor 19a. More preferably, this value is set not less 
10 than 1/40 and mot more than 1/15 as large as the ca- 
pacitance of the regularly-provided capacitor 1 9a or not 
less than 1 and not more than 1 0 times as large as the 
capacitance of the source-gate (SG) (or source-drain 
(SD) or gate-drain (GD)) of transistor 11b. Much more 
15 preferably, the value of the capacitance is set not less 
than 2 and not more than 6 times as high as the capac- 
itance of SG. The capacitor 19b may be formed or lo- 
cated between one terminal of capacitor 19a (or gate 
terminal (G) of transistor 11a) and the source terminal 
20 (S) of transistor 11 d. The aforementioned value of ca- 
pacitance holds true for this case. 
[0369] The capacitance (Cb (pF)) of capacitor 1 9b for 
generating punch-through voltage has a relationship 
with the capacitance (Ca (pF)) of capacitor 1 9a for stor- 
es ing charge, gate terminal (G) voltage Vw of transistor 
1 1 a at which white peak current is passed (or at which 
a white raster display having the highest luminance of 
image display is provided), and gate terminal (G) volt- 
age Vb at which a current for providing a black display 
30 (which current assumes a value of substantially 0 for a 
black display in image display) is passed. Preferably, the 
relationship satisfies the condition: 

35 Ca/(200Cb) =i |Vw-Vb| ^ Ca/(8Cb) 

wherein |Vw-Vb| is the absolute value of the difference 
between a terminal voltage of the driving transistor pro- 
viding a white display and a terminal voltage of the driv- 
40 ing transistor providing a black display (that is, a varying 
amplitude of voltage.) 

[0370] More preferably, the relationship satisfies the 
condition: 

45 

Ca/(100Cb) ^ |Vw-Vb| ^ Ca/(10Cb). 

[0371] Transistor 11b should comprise a p-channel 
transistor which is at least double-gated, more prefera- 

50 bly triple-gated or more, much more preferably quadru- 
ple-gated or more. It is preferable to form or locate ca- 
pacitors in parallel, each of the capacitors having a ca- 
pacitance not less than 1 and not more than 10 times 
as large as the capacitance of the source-gate SG (or 

55 gate-drain (GD)) of transistor 11b (in on-state.) 

[0372] The feature described above is effective for not 
only the pixel configuration shown in Figure 1 but also 
other pixel configurations. For example, in the case of 
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a current mirror pixel configuration as shown in Figure 
42(b), a capacitor for causing punch through is located 
or formed between gate signal line 17a or 17b and the 
gate terminal (G) of transistor 11a. In this case, the n- 
channel of switching transistor 11c is double-gated or 5 
more. Alternatively, switching transistors 11c and 11 d 
each comprise a p-channel transistor which is triple-gat- 
ed or more. 

[0373] In the case of the voltage-based programming 
configuration shown in Figure 41, a capacitor 19c for 10 
causing punch through is formed or located between 
gate signal line 1 7c and the gate terminal (G) of driving 
transistor 11a. Further, switching transistor 11c is triple- 
gated or more. The capacitor 19c for causing punch 
through may be located between the drain terminal (D) 15 
of transistor 11c (on the capacitor 19b side) and gate 
signal line 1 7a. Alternatively, the capacitor 1 9c for caus- 
ing punch through may be located between the gate ter- 
minal (G) of transistor 1 1 a and gate signal line 1 7a. Yet 
alternatively, the capacitor 19c for causing punch 20 
through may be located between the drain terminal (D) 
of transistor 11c (on the capacitor 19b side) and gate 
signal line 17c. 

[0374] A satisfactory black display can be realized by 

an arrangement which satisfies the condition: 25 

0.05 (V) ^ (Vgh-Vgl)x(Cc/Ca) ^ 0.8 (V) 

wherein Ca is the capacitance of capacitor 1 9a for stor- 30 
ing charge, Cc is the source-gate capacitance of switch- 
ing transistor 11c or 11 d (Cc is the sum of the source- 
gate capacitance and the capacitance of a capacitor for 
causing punch through if the capacitor is present), Vgh 
is the high-voltage signal to be applied to a gate signal 35 
line, and Vgl is the low-voltage signal to be applied to 
the gate signal line. 

[0375] Preferably, the condition: 0.1 (V) ^ (Vgh-Vgl) 
x(Cc/Ca) ^ 0.5 (V) is satisfied. 

[0376] The feature described above is also effective 40 
for the pixel configurations shown in Figure 43 and the 
like. In the case of the voltage-based programming pixel 
configuration shown in Figure 43, a capacitor 19b for 
causing punch through is formed or located between the 
gate terminal (G) of transistor 11a and gate signal line 45 
17a. 

[0377] The capacitor 19b for causing punch through 
is formed of source wiring and gate wiring. However, 
since the capacitor 19b is formed by superposition of 
gate signal line 17 and widened source signal line of 50 
transistor 1 1 on each other, the capacitor cannot be sep- 
arated distinctively from-the transistor in some practical 
cases. 

[0378] An arrangement in which switching transistors 
11b and 11c (in the case of the configuration shown in 55 
Figure 1) are each formed to have a larger size than 
necessary as if capacitor 1 9b for causing punch through 
is apparently formed thereby, is also included in the 



scopeof the present invention. In many cases, switching 
transistors 1 1 b and 1 1 c are each formed to have a chan- 
nel width W/channel length ratio of 6/6 jum. The capac- 
itor 19b for causing punch through can also be formed 
by increasing the ratio of W to L. For example, the W:L 
ratio is set not less than 2:1 and not more than 20:1, 
more preferably not less than 3:1 and not more than 1 0: 
1. 

[0379] Preferably, the capacitor 19b for causing 
punch through has a magnitude (capacitance) varying 
depending on R, G and B modulated by pixels. This is 
because EL devices 1 5 for R, G and B are different from 
each other in driving current and in cut-off voltage. For 
this reason, the gate terminals (G) of respective driving 
transistors 1 1 a associated with these EL devices 1 5 are 
programmed with different voltages (currents). For ex- 
ample, when the capacitor 1 1 bR of R pixel has a capac- 
itance of 0.02 pF, the capacitors 1 1 bG and 1 1 bB of pixels 
for other colors (G pixel and B pixel) are each set to have 
a capacitance of 0.025 pF. When the capacitor 11bR of 
R pixel has a capacitance of 0.02 pF, the capacitor 1 1 bG 
of G pixel and the capacitor 11bB of B pixel are set to 
have a capacitance of 0.03 pF and a capacitance of 
0.025 pF, respectively. In this way, the offset driving cur- 
rent can be adjusted for each of R, G and B by varying 
the capacitance of capacitor 1 1 b depending on R, G and 
B pixels. Thus, it is possible to optimize the blackdisplay 
level of each of R, G and B pixels. 
[0380] While it has been described that the capaci- 
tance of the capacitor 1 9b for generating punch-through 
voltage is varied, the punch-through voltage is generat- 
ed due to the relativity between the capacitance of ca- 
pacitor 1 9a for storing charge and that of capacitor 1 9b 
for generating punch-through voltage. Therefore, there 
is no limitation to the feature that the capacitance of ca- 
pacitor 19b is varied depending on R, G and B pixels. 
The capacitance of storage capacitor 19a may be var- 
ied. For example, when the capacitor 11aR of R pixel 
has a capacitance of 1.0 pF, the capacitor 11aG of G 
pixel and the capacitor 11aB of B pixel are set to have 
a capacitance of 1 .2 pF and a capacitance of 0.9 pF, 
respectively. In this case, the capacitors 19b of the re- 
spective R, G and B pixels are set to have capacitances 
of equal value. Thus, according to the present invention, 
at least one of R, G and B pixels is made different from 
the others in the capacitance ratio between storage ca- 
pacitor 19a and capacitor 19b for generating punch- 
through voltage. It is to be noted that both the capaci- 
tance of storage capacitor 1 9a and that of capacitor 1 9b 
for generating punch-through voltage may be varied de- 
pending on R, G and B pixels. 

[0381] It is also possible to vary the capacitance of 
capacitor 19b for generating punch-through voltage as 
the screen extends laterally. Since the gate signal rises 
rapidly at each pixel 16 located close to gate driver 12 
(because the through rate is high), the punch-through 
voltage becomes high. At the pixel located (formed) at 
the end of each gate signal line 17, on the other hand, 
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the signal waveform becomes dulled (due to the capac- 
itance of gate signal line 1 7.) This is because the punch- 
through voltage becomes low due to the gate signal ris- 
ing slow (because of a low through rate.) For this reason, 
the capacitance of capacitor 1 9b for generating punch- 
through voltage is made low at each pixel close to the 
connection side of gate driver 12. On the other hand, 
the capacitance of capacitor 1 9b is made high at the end 
of each gate signal line 17. For example, a variation of 
about 10% in the capacitance of capacitor is provided 
between the right-hand extremity and the left-hand ex- 
tremity of the screen. 

[0382] The punch-through voltage to be generated is 
determined from the capacitance ratio between storage 
capacitor 1 9a and capacitor 1 9b for generating punch- 
through voltage. Therefore, there is no limitation to the 
aforementioned feature that the capacitance of capaci- 
tor 19b for generating punch-through voltage is varied 
as the screen extends laterally. It is possible that the ca- 
pacitance of storage capacitor 1 9a is varied depending 
on the lateral position of capacitor 19a on the screen 
with the capacitance of capacitor 19b for generating 
punch-through voltage being fixed in the lateral direction 
of the screen. It is needless to say that both the capac- 
itance of capacitor 19b for generating punch-through 
voltage and that of storage capacitor 1 9a may be varied 
as the screen extends laterally. 

[0383] The N-fold pulse driving method according to 
the present invention has a problem that the current to 
be applied to EL device 1 5 becomes N times as high as 
in the prior art though this phenomenon is instantane- 
ous. In some cases, such a high current shortens the 
lifetime of EL device 15. Application of reverse bias volt- 
age Vm to EL device 15 is effective in solving the prob- 
lem. 

[0384] In EL device 1 5, electrons are injected into the 
electron transport layer through the cathode, while atthe 
same time positive holes injected into the positive hole 
transport layer through the anode. The electrons and 
positive holes thus injected travel to the opposite poles. 
At that time, they are trapped in the organic layer and 
carriers are accumulated due to an energy level differ- 
ence at the interface with the luminescent layer. 
[0385] It is known that when space-charge is accumu- 
lated in the organic layer, molecules are oxidized or re- 
duced to produce unstable radical anionic molecules 
and radical cationic molecules, which deteriorate the 
film quality thereby lowering the luminance and causing 
a rise in driving voltage during constant-current driving. 
An example of means to prevent this phenomenon is a 
modification of the device structure for reverse voltage 
to be applied. 

[0386] When reverse bias voltage is applied, reverse 
current is applied, which causes the electrons and pos- 
itive holes injected to be withdrawn toward the cathode 
and the anode, respectively. Thus, the generation of 
space-charge in the organic layer is cancelled, whereby 
electrochemical deterioration of molecules can be inhib- 



ited, which ensures the EL device having a prolonged 
lifetime. 

[0387] Figure 45 plots a variation in reverse bias volt- 
age Vm with varying terminal voltage of EL device 15. 
5 The "terminal voltage", as used here, is a voltage gen- 
erated when EL device 15 is fed with a rated current. 
The variation shown in Figure 45, which resulted from 
the case where the current passed through EL device 
15 had a current density of 100 A/m 2 , had a tendency 
10 having little difference from that of the case where the 
current passed through EL device 1 5 had a current den- 
sity of from 50 to 1 00 A/m 2 . Therefore, the reverse bias 
voltage application method is estimated to be effective 
over a wide range of current density. 
15 [0388] The ordinate represents the ratio of the termi- 
nal voltage of EL device 15 resulting 2,500 hours after 
the starting of application of current to the initial terminal 
voltage of EL device 15. Assuming, for example, that 
the terminal voltage resulting at the time 0 hour after the 
20 starting of application of a current having a current den- 
sity of 100 A/m 2 is 8 (V) while the terminal voltage re- 
sulting at the time 2,500 hours after the starting of ap- 
plication of the current having a current density of 100 
A/m 2 is 10 (V), the terminal voltage ratio is 10/8 = 1.25. 
25 [0389] The abscissa represents the ratio of rated ter- 
minal voltage V0 to the product of reverse bias voltage 
Vm by time t1 for which reverse bias voltage was applied 
in one cycle. For example, if the time for application of 
reverse bias voltage Vm of 60 Hz (60Hz has no partic- 
le ular meaning) is 1/2 (a half), t1 is equal to 0.5. Assuming 
that the terminal voltage resulting at the time 0 hour after 
the starting of application of a current having a current 
density of 100 A/m 2 is 8 (V) while reverse bias voltage 
is 8 (V), it follows that | reverse bias voltage x t1 |/(rated 
35 terminal voltage x t2) = |-8(V) x 0.5 |/(8(V) x 0.5) = 1 .0. 
[0390] According to Figure 45, when |reverse bias 
voltage x t1 |/(rated terminal voltage t2) is 1 .0 or more, 
the terminal voltage ratio does not vary (that is, the ter- 
minal voltage does not vary from the initial terminal volt- 
40 age.) Application of reverse bias voltage works effec- 
tively. However, when | reverse bias voltage x t1 |/(rated 
terminal voltage x t2) is 1 .75 or more, the terminal volt- 
age ratio tends to rise. Accordingly, the magnitude of 
reverse bias voltage Vm and the application time ratio 
45 t1 (or t2, or the ratio between t1 and t2) should be de- 
termined so that |reverse bias voltage x t1 |/(rated ter- 
minal voltage x t2) may assume 1 .0 or more. Preferably, 
the magnitude of reverse bias voltage Vm, the applica- 
tion time ratio t1 and the like are determined so that |re- 
50 verse bias voltage x t1 |/(rated terminal voltage x t2) 
may assume 1 .75 or less. 

[0391] Such a bias driving method requires alternate 
application of reverse bias voltage and rated current. In 
the case of Figure 46, in order to equalize the mean lu- 
55 minance of sample A and that of sample B per unit time, 
a current that instantaneously becomes higher than in 
the case where there is no application of reverse bias 
voltage Vm, has to be passed in the case where there 
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is application of reverse bias voltage Vm. For this rea- 
son, the terminal voltage of EL device 1 5 also becomes 
higher in the case where there is application of reverse 
bias voltage Vm (sample A of Figure 46.) 
[0392] However, even in the driving method including 
application of reverse bias voltage, the rated terminal 
voltage V0 of Figure 45 is such a terminal voltage as to 
satisfy the mean luminance (that is, such a terminal volt- 
age as to cause EL device 1 5 to light.) (According to the 
specific example mentioned herein, the rated terminal 
voltage V0 is a terminal voltage resulting when a current 
having a current density of 200 A/m 2 is applied. Since 
the duty ratio is 1/2, the mean luminance throughoutone 
cycle is a luminance at a current density of 200 A/m 2 . 
[0393] The matter described above lies on the as- 
sumption that EL device 1 5 is caused to provide a white 
raster display (i.e., EL device 1 5 is fed with a maximum 
current.) When the EL display apparatus displays a pic- 
ture image, it performs gray scale display since the pic- 
ture image is a natural image. Therefore, a white peak 
current is not constantly passed through EL device 15. 
(The white peak current is a current passing at a maxi- 
mum white display. In the case of the specific example 
mentioned herein, the white peak current is a current 
having a mean current density of 100 A/m 2 .) 
[0394] In the case of picture image display, in general, 
the current to be applied to (passed through) each EL 
device 15 is about 0.2 times as high as the white peak 
current. (The white peak current is a current passing un- 
der application of the rated terminal voltage. According 
to the specific example mentioned herein, the white 
peak current is a current having a current density of 1 00 
A/m 2 .) 

[0395] Accordingly, when a picture image is displayed 
with the embodiment shown in Figure 45, any value on 
the abscissa needs to be multiplied by 0.2. Thus, the 
magnitude of reverse bias voltage Vm and the applica- 
tion time ratio t1 (or t2, or the ratio between t1 and t2) 
should be determined so that I reverse bias voltage x 
t1 |/(rated terminal voltage x t2) may assume 0.2 or 
more. Preferably, the magnitude of reverse bias voltage 
Vm, the application time ratio t1 and the like are deter- 
mined so that | reverse bias voltage x t1 |/(rated termi- 
nal voltage x t2) may assume 0.35 (= 1 .75x 0.2) or less. 
[0396] That is, a value of 1 .0 on the abscissa (|reverse 
bias voltage x t1 |/(rated terminal voltage x t2) in Figure 
45 needs to be changed to 0.2. Accordingly, when the 
display panel displays a picture image (this state of use 
seems to be usual because a white raster display seems 
not to be performed usually), reverse bias voltage Vm 
should be applied for predetermined time t1 so that | re- 
verse bias voltage x t1 |/(rated terminal voltage x t2) 
may assume 0.2 or more. Even when the value of | re- 
verse bias voltage x t1 |/(rated terminal voltage x t2) 
increases, the increase in the terminal voltage ratio is 
not very large, as seen from Figure 45. In view of the 
case where white raster display is performed, the upper 
limit value of |reverse bias voltage x t1 |/(rated terminal 



voltage x t2) should be adjusted to 1 .75 or less. 
[0397] Hereinafter, the reverse bias method accord- 
ing to the present invention will be described with refer- 
ence to the relevant drawings. The method of the 

5 present invention is based on application of reverse bias 
voltage Vm (or current) during a time period in which 
current is not passed through EL device 15. However, 
there is no limitation thereto. For example, it is possible 
to apply reverse bias voltage Vm forcibly while current 

10 is passing through EL device 1 5. This case will result in 
the current fed to EL device 15 stopped, hence, EL de- 
vice 15 turned into the non-lighting state (black display 
state.) Though the method of the present invention will 
be described focusing mainly on the feature that a cur- 

15 rent-based programming pixel configuration is applied 
with reverse bias voltage, there is no limitation to this 
feature. 

[0398] In a pixel configuration adapted for reverse bi- 
as driving, transistor 1 1 g is an n-channel transistor as 
20 shown in Figure 47. Of course, transistor 1 1 g may be a 
p-channel transistor. 

[0399] In Figure 47, when gate potential control line 
473 is applied with a voltage higher than the voltage ap- 
plied to reverse bias line 471 , transistor 1 1 g(N) is turned 
25 on to apply reverse bias voltage Vm to the anode of EL 
device 15. 

[0400] In the pixel configuration of Figure 47 or the 
like, gate potential control line 473 may be operated with 
its potential always fixed. For example, when voltage Vk 

30 in Figure 47 is 0 (V), the potential of gate potential con- 
trol line 473 is fixed to 0 (V) or more (preferably 2 (V) or 
more). This potential is indicated at Vsg. With gate po- 
tential control line 473 in this state, when the potential 
of reverse bias line 471 is adjusted to reverse bias volt- 

35 age Vm (0 (V) or lower, preferably a voltage lower than 
Vk by 5 (V) or more), transistor 11g(N) is turned on to 
apply reverse bias voltage Vm to the anode of EL device 
15. When the voltage of reverse bias line 471 is made 
higher than the voltage of gate potential control line 473 

40 (that is, the gate terminal (G) voltage of transistor 1 1 g), 
transistor 1 1 g is turned off to stop application of reverse 
bias voltage Vm to EL device 15. Of course, it is need- 
less to say that reverse bias line 471 may assume a 
high-impedance state (open state or the like) at that 

45 time. 

[0401 ] As shown in Figure 48, gate driver 1 2c for con- 
trolling reverse bias line 471 may be formed or disposed 
separately. Like gate driver 12a, gate driver 12c oper- 
ates shiftingly in sequence, so that the position to be 

50 applied with reverse bias voltage is shifted synchro- 
nously with this shifting operation. 
[0402] The driving method described above is capa- 
ble of applying reverse bias voltage Vm to EL device 15 
by merely varying the potential of reverse bias line 471 

55 with the gate terminal (G) voltage of transistor 1 1 g fixed. 
Thus, application of reverse bias voltage Vm can be 
controlled easily. Further, the driving method can lower 
the voltage to be applied across the gate terminal (G) 
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and the source terminal (S) of transistor 1 1 g . This holds 
true for the case where transistor 11 g is a p-channel 
transistor. 

[0403] Application of reverse bias voltage Vm is per- 
formed when ELdevice 15 is not fed with current. There- 
fore, it is sufficient for transistor 1 1 g to be turned on while 
transistor 1 1 d is off. That is, gate potential control line 
473 should be applied with voltage in a manner reverse 
of the on-off logic of transistor 11 d. For example, it is 
sufficient for gate signal line 1 7b to be connected to the 
gate terminals (G) of respective transistors 1 1 d and 1 1 g. 
Since transistor 1 1 d is of the p-channel type while tran- 
sistor 1 1 g is of the n-channel type, their respective on- 
off operations are opposite to each other. 
[0404] Figure 49 is a timing chart of the reverse bias 
driving method. In the chart, an additional number such 
as (1) or (2) indicates the number of a pixel row. For 
easy explanation, it is assumed that the first pixel row is 
indicated at (1) and the second pixel row indicated at 
(2). However, there is no limitation thereto but it may be 
considered that (1) indicates the Nth pixel row and (2) 
indicates the (N+1 )th pixel row. This holds true for other 
embodiments unless otherwise specified. Though the 
embodiment illustrated in Figure 49 and the like will be 
described by reference to the pixel configuration shown 
in Figure 1 for example, there is no limitation thereto. 
For example, the driving method is applicable to the pix- 
el configurations shown in Figs. 41, 38 and the like. 
[0405] When gate signal line 17a(1) of the first pixel 
row is under application of on-voltage (Vgl), gate signal 
line 17b(1) of the first pixel row is under application of 
off-voltage (Vgh). That is, transistor 11 d is off and EL 
device 15 is not fed with current. 
[0406] Reverse bias line 471 (1 ) is applied with voltage 
Vsl (which causes transistor 1 1 g to turn on.) According- 
ly, transistor 1 1 g is turned on to apply reverse bias volt- 
age to EL device 1 5. After lapse of a predetermined time 
period (a time period of 1 /200 or more of 1 H, or 0.5 jusec) 
from application of off-voltage (Vgh) to gate signal line 
1 7b, reverse bias voltage is applied. The predetermined 
time period (a time period of 1/200 or more of 1 H, or 0.5 
jusec) before application of on-voltage (Vgl) to gate sig- 
nal line 17b, application of reverse bias voltage is 
stopped. This operation is to avoid the transistors 1 1 d 
and 1 1 g turning on at the same time. 
[0407] In the next horizontal scanning period (1 H), off- 
voltage (Vgh) is applied to gate signal line 1 7a to select 
the second pixel row. That is, on-voltage is applied to 
gate signal line 17b(2). On the other hand, on-voltage 
(Vgl) is applied to gate signal line 17b to turn transistor 
1 1 d on. Accordingly, transistor 11a passes current 
through ELdevice 15 to cause ELdevice 15 to emit light. 
At the same time, off-voltage (Vsh) is applied to reverse 
bias line 471(1) so that EL device 15 of the first pixel 
row (1 ) will not be applied with reverse bias voltage. On 
the other hand, reverse bias line 471(2) of the second 
pixel row is applied with voltage Vsl (reverse bias volt- 
age). 



[0408] An image displayed over one screen is rewrit- 
ten by repeating the sequential operations described 
above. The embodiment described above has the fea- 
ture that application of reverse bias voltage is performed 
5 during the period in which each pixel is programmed. 
However, the present invention is not limited to the cir- 
cuit configuration shown in Figure 48. It is apparent that 
plural pixel rows can be consecutively applied with re- 
verse bias voltage. It is also apparent that the reverse 
bias driving method can be combined with block driving 
(see Figure 40), N-fold pulse driving, reset driving, dum- 
my pixel driving, or a like driving method. 
[0409] There is no limitation to the feature that appli- 
cation of reverse bias voltage is performed during image 
display. Such an arrangement is possible that reverse 
bias voltage is applied for a predetermined time period 
after the powering-off of the EL display apparatus. 
[0410] Though the embodiment described above is 
applied to the pixel configuration shown in Figure 1 , it is 
needless to say that the embodiment is applicable to 
configurations adapted for application of reverse bias 
voltage as shown in Figs. 38 and 41. For example, the 
embodiment is applicable to the current-based pro- 
gramming pixel configuration shown in Figure 50. 
[041 1 ] Figure 50 illustrates a current mirror pixel con- 
figuration. Transistor 11c is a pixel selecting device. 
When on-voltage is applied to gate signal line 17a1, 
transistor 11c is turned on. Transistor 1 1 d is a switching 
device having a resetting function and a function of 
shortcircuiting the drain terminal (D)-gate terminal (G) 
of driving transistor 11a. Transistor 1 1 d is turned on 
when gate signal line 17a2 is applied with on-voltage. 
[041 2] Transistor 1 1 d is turned on 1 H (one horizontal 
scanning period, i.e, one pixel row), preferably 3H, be- 
fore the selection of the associated pixel. If it is 3H, tran- 
sistor 1 1 d is turned on 3H before to shortcircuit the gate 
terminal (G) and the drain terminal (D) of transistor 1 1 a, 
thus turning transistor 11a off. Accordingly, transistor 
11b is turned into a state not allowing current to pass 
therethough, so that EL device 15 assumes the non- 
lighting state. 

[0413] When EL device 15 is in the non-lighting state, 
transistor 1 1 g is turned on to apply reverse bias voltage 
to EL device 15. Therefore, EL device 15 is under ap- 
plication of reverse bias voltage for a time period for 
which transistor 11 d is on. For this reason, transistors 
1 1 d and 1 1 g are turned on at the same time in terms of 
logic. 

[0414] The gate terminal (G) voltage of transistor 1 1 g 
is fixed by application of voltage Vsg. When reverse bias 
line 471 is applied with a reverse bias voltage that is 
sufficiently lower than Vsg, transistor 1 1 g is turned on. 
[0415] Thereafter, when the horizontal scanning peri- 
od in which an image signal is applied (written) to the 
pixel of concern comes, on-voltage is applied to gate 
signal line 17a1 to turn transistor 11c on. Accordingly, 
the image signal voltage outputted from source driver 
1 4 to source signal line 1 8 is applied to capacitor 1 9 (with 
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transistor 11 d being kept in the on-state.) 
[0416] When transistor 11 d is turned on, a black dis- 
play is provided. As the on-time of transistor 1 1 d grows 
longer in a one-field (one frame) period, the proportion 
of the black display period becomes higher. Therefore, 
in order to adjust the means luminance throughout one 
field (on frame) to a desired value notwithstanding the 
black display period included, the display luminance 
during a display period needs to be raised. That is, it is 
required that EL device 15 be fed with a higher current 
in the display period. This operation is the N-fold pulse 
driving according to the present invention. Therefore, an 
operation characteristic of the present invention is to 
combine the N-fold pulse driving operation and the driv- 
ing operation of turning transistor 1 1 d on to provide a 
black display. Also, application of reverse bias voltage 
to EL device 1 5 in the non-lighting state is a feature char- 
acteristic of the present invention. 
[0417] The embodiment described above is of the 
type which includes application of reverse bias voltage 
to a pixel assuming the non-lighting state in image dis- 
play. The method of application of reverse bias voltage 
is not limited to this type. If application of reverse bias 
voltage is performed when an image is not displayed, it 
is not necessary to provide reverse bias transistor 1 1 g 
for every pixel. The "non-lighting state", as used here, 
means a state where reverse bias voltage is applied be- 
fore and after use of the display panel. 
[0418] In the pixel configuration of Figure 1 , for exam- 
ple, pixel 16 is selected (by turning transistors 11b and 
1 1 c on), while source driver (circuit) 1 4 outputs voltage 
V0 (for example, voltage GND) as low as the source 
driver can output and applies voltage V0 to the drain ter- 
minal (D) of driving transistor 1 1 a. With transistor 1 1 a in 
this state, turning transistor 1 1 d on causes the anode of 
EL device 1 5 to be applied with voltage V0. At the same 
time, the cathode Vk of EL device 1 5 is applied with volt- 
age Vm which is lower than voltage V0 by a value from 
5 to 15 (V), whereby reverse bias voltage is applied to 
EL device 1 5. Transistor 1 1 a is also turned into off-state 
when applied with a voltage lower than voltage V0 by a 
value from 0 to 5 (V) as voltage Vdd. By thus causing 
source driver 14 to output voltage and controlling gate 
signal line 1 7, it is possible to apply reverse bias voltage 
to EL device 15. 

[0419] The N-fold pulse driving method is capable of 
passing a predetermined current (a current pro- 
grammed by the voltage held at capacitor 19) through 
EL device 1 5 again even after a black display has been 
provided once within a one-field (one-frame) period. 
With the configuration of Figure 50, however, once tran- 
sistor 1 1 d is turned on, capacitor 19 discharges (the 
meaning of which includes "reduce") electric charge 
held thereat and, hence, it is not possible to feed EL 
device 15 with the predetermined current (the current 
programmed.) Nevertheless, the circuit of Figure 50 has 
a characteristic advantage that it can operate easily. 
[0420] The embodiment described above is applied 



to the current-based programming pixel configuration. 
However, the present invention is not limited to this em- 
bodiment but may be applied to other current-based pix- 
el configurations as shown in Figs. 38 and 50. The 
5 present invention is also applicable to voltage-based 
programming pixel configurations as shown in Figs. 51 , 
54 and 62. 

[0421] Figure 51 shows a voltage-based program- 
ming pixel configuration which is simplest in a general 

10 sense. Transistor 11b is a selective switching device, 
while transistor 11a a driving transistor for feeding cur- 
rent to El device 15. In this configuration, transistor 
(switching device) 1 1 g for application of reverse bias 
voltage is located (formed) on the anode side of EL de- 

15 vice 15. 

[0422] In the pixel configuration of Figure 51 , the cur- 
rent to be passed through EL device 1 5 is fed to source 
signal line 18 and then fed to the gate terminal (G) of 
transistor 11a upon selection of transistor 11b. 
20 [0423] The basic operation of the configuration shown 
in Figure 51 will be described with reference to Figure 
52 for explanation of this configuration. The pixel shown 
in Figure 51 is of the configuration called "voltage offset 
canceller" and performs a four-step operation compris- 
es ing an initializing operation, a resetting operation, a pro- 
gramming operation, and light-emitting operation. 
[0424] Following a horizontal synchronizing signal 
(HD), the initializing operation is performed. On-voltage 
is applied to gate signal line 17b to turn transistor 1 1 g 
30 on. Also, on-voltage is applied to gate signal line 1 7a to 
turn transistor 1 1 c on. At that time, source signal line 1 8 
is applied with voltage Vdd. Accordingly, terminal a of 
capacitor 19b is applied with voltage Vdd. In this state, 
driving transistor 1 1 a assumes on-state to pass a feeble 
35 current through EL device 15. This current causes the 
drain terminal (D) voltage of driving transistor 11a to 
have an absolute value larger than at least the operating 
point of transistor 11a. 

[0425] Subsequently, the resetting operation is per- 

40 formed. Off-voltage is applied to gate signal line 17b to 
turn transistor 11 e off. On the other hand, on-voltage is 
applied to gate signal line 17c for a time period T1 to 
turn transistor 11 b on. This time period T1 is a resetting 
period. Also, gate signal line 1 7a is continuously applied 

45 with on-votlage for a 1H period. The time period T1 is 
preferably not less than 20% and not more than 90% of 
a 1 H period. Stated otherwise, the time period T1 is pref- 
erably not less than 20 \xsec and not more than 160 
insec. The ratio of the capacitance of capacitor 1 9b (Cb) 

50 to that of capacitor 19a (Ca), i.e., Cb:Ca, is preferably 
not less than 6:1 and not more than 1 :2. 
[0426] In the resetting period, transistor 1 1 b is turned 
on to shortcircuit the gate terminal (G) and the drain ter- 
minal (D) of driving transistor 11a. Accordingly, the gate 

55 terminal (G) voltage and the drain terminal (D) voltage 
of driving transistor 11a become equal to each other, 
thus rendering transistor 11a into an offset state (i.e., 
reset state: a state not allowing current to pass there- 
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through). The reset state is a state where the gate ter- 
minal (G) voltage of transistor 11a assumes a value 
close to the initiating voltage at which current starts 
passing. This gate voltage for keeping the reset state is 
held at terminal b of capacitor 1 9b. Accordingly, capac- 
itor 19 holds offset voltage (resetting voltage). 
[0427] In the subsequent programming operation, off- 
voltage is applied to gate signal line 1 7c to turn transistor 
11b off. On the other hand, source signal line 18 is ap- 
plied with DATA voltage for a time period Td. According- 
ly, the gate terminal (G) of driving transistor 11a is ap- 
plied with a voltage as the sum of DATA voltage and 
offset voltage (resetting voltage.) For this reason, driv- 
ing transistor 1 1 a becomes able to pass the current pro- 
grammed. 

[0428] After the programming period, off-voltage is 
applied to gate signal line 17a to render transistor 11c 
into off-state thereby disconnecting driving transistor 
1 1 a from source signal line 1 8. Also, gate signal line 1 7c 
is applied with off voltage to render transistor 11b into 
off-state which is kept for a 1 F period. On the other hand, 
gate signal line 17b is applied with on-voltage and off- 
voltage periodically. When combined with the N-fold 
driving method as shown in Figure 13 or 15 or the like 
or with the interlaced driving method, this driving method 
can realize better image display. 
[0429] According to the driving method illustrated in 
Figure 52, capacitor 1 9 in the reset state holds the initi- 
ating voltage for causing current to start passing through 
transistor 11a (offset voltage or resetting voltage). For 
this reason, when the gate terminal (G) of transistor 1 1 a 
is under application of the resetting voltage, the pixel is 
in the darkest black display state. However, unclear 
black (a drop in contrast) occurs due to the coupling be- 
tween source signal line 1 8 and pixel 1 6, punch-through 
voltage reaching to capacitor 19 or punch through at 
transistors. Therefore, the driving method illustrated in 
Figure 52 cannot raise the display contrast. 
[0430] Transistor 11a needs to be turned off in order 
to apply reverse bias voltage Vm to EL device 1 5. Short- 
circuiting the Vdd terminal and the gate terminal (G) of 
transistor 1 1 a is sufficient to turn transistor 1 1 a off. This 
feature will be described later with reference to Figure 
53. 

[0431 ] Alternatively, voltage Vdd or a voltage for caus- 
ing transistor 11a to turn off may be applied to source 
signal line 1 8 to turn transistor 1 1 b on, thereby applying 
such a voltage to the gate terminal (G) of transistor 1 1 a. 
This voltage turns transistor 11a off (or into a state al- 
lowing little current to pass therethrough (i.e., a substan- 
tially off-state in which transistor 11a has a high imped- 
ance).) Thereafter, transistor 11 g is turned on to apply 
reverse bias voltage to EL device 1 5. The application of 
reverse bias voltage Vm may be performed on all the 
pixels at a time. Specifically, source signal lines 18 are 
each applied with the voltage for causing transistor 1 1 a 
to turn substantially off thereby turning on transistors 
1 1 b of all (plural) pixel rows. Accordingly, transistors 1 1 a 



are turned off. Subsequently, transistors 1 1 g are turned 
on to apply reverse bias voltage to EL devices 15. 
Thereafter, the pixel rows are sequentially applied with 
image signal, whereby the display apparatus displays 
5 an image. 

[0432] The following description is directed to a reset 
driving method applied to the pixel configuration shown 
in Figure 51 . Figure 53 illustrates an embodiment of the 
reset driving method. As shown in Figure 53, gate signal 
line 1 7a connected to the gate terminal (G) of transistor 
11c of pixel 16a is also connected to the gate terminal 
(G) of resetting transistor 11b of pixel 16b of the suc- 
ceeding row. Similarly, gate signal line 17a connected 
to the gate terminal (G) of transistor 1 1 c of pixel 1 6b is 
also connected to the gate terminal (G) of resetting tran- 
sistor 1 1 b of pixel 1 6c of the succeeding row. 
[0433] Accordingly, when on-voltage is applied to 
gate signal line 1 7a connected to the gate terminal (G) 
of transistor 1 1 c of pixel 1 6a, pixel 1 6a is programmed 
with voltage, while at the same time the resetting tran- 
sistor 11b of pixel 16a of the succeeding row is turned 
on to reset driving transistor 1 1 a of pixel 1 6b. Similarly, 
when on-voltage is applied to gate signal line 17a con- 
nected to the gate terminal (G) of transistor 11c of pixel 
1 6b, pixel 1 6b is programmed with current, while at the 
same time the resetting transistor 1 1 b of pixel 1 6c of the 
succeeding row is turned on to reset driving transistor 
1 1 a of pixel 1 6c. In this way, reset driving based on the 
antecedent gate control method can be realized easily. 
Further, the number of gate signal lines routed from 
each pixel can be decreased. 

[0434] More specific description follows. It is assumed 
that gate signal lines 1 7 are applied with respective volt- 
ages as shown in Figure 53(a); that is, gate signal line 
17a of pixel 16a is applied with on-voltage, while gate 
signal lines 1 7a of other pixels 1 6 applied with off-volt- 
age. It is also assumed that gate signal lines 1 7b of pix- 
els 1 6a and 1 6b are applied with off-voltage, while gate 
signal lines 17b of pixels 16c and 16d applied with on- 
voltage. 

[0435] Under these conditions, pixel 1 6a is in a state 
programmed with voltage and in the non-lighting state; 
pixel 1 6b is in a reset state and in the non-lighting state; 
pixel 16c is in a state holding the programming current 
and in the lighting state; and pixel 1 6d is in a state hold- 
ing the programming current and in the lighting state. 
[0436] After lapse of 1H, data in shift register circuit 
61 of control gate driver 12 shifts by one bit, so that the 
state shown in Figure 53(b) results. Specifically, the 
state shown in Figure 53(b) is such that: pixel 16a is in 
a state holding the programming current and in the light- 
ing state; pixel 1 6b is in a state programmed with current 
and in the non-lighting state; pixel 1 6c is in a reset state 
and in the non-lighting state; and pixel 16d is in a state 
holding the programming current and in the lighting 
state. 

[0437] As can be understood from the above descrip- 
tion, the voltage applied to gate signal line 1 7a of each 
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pixel of a row of concern resets driving transistor 1 1 a of 
each pixel of the succeeding row thereby rendering the 
pixel of the succeeding row ready for voltage-based pro- 
gramming in the next horizontal period. Thus, voltage- 
based programming is performed on pixel rows sequen- 
tially 

[0438] The antecedent gate control method can be 
implemented even with the voltage-based programming 
pixel configuration shown in Figure 43. Figure 54 shows 
an embodiment in which the pixel configuration of Figure 
43 has connections adapted for the antecedent gate 
control method. 

[0439] As shown in Figure 54, gate signal line 17a 
connected to the gate terminal (G) of transistor 11b of 
pixel 16a is also connected to the gate terminal (G) of 
resetting transistor 11 e of pixel 16b of the succeeding 
row. Similarly, gate signal line 1 7a connected to the gate 
terminal (G) of transistor 11b of pixel 16b is also con- 
nected to the gate terminal (G) of resetting transistor 1 1 e 
of pixel 16c of the succeeding row. 
[0440] Accordingly, when on-voltage is applied to 
gate signal line 17a connected to the gate terminal (G) 
of transistor 11b of pixel 16a, pixel 16a becomes pro- 
grammed with voltage, while at the same time resetting 
transistor 11e of pixel 16b of the succeeding row is 
turned on to reset driving transistor 11a of pixel 16b. 
Similarly, when on-voltage is applied to gate signal line 
1 7a connected to the gate terminal (G) of transistor 1 1 b 
of pixel 16b, pixel 16b becomes programmed with cur- 
rent, while at the same time resetting transistor 11 e of 
pixel 16c of the succeeding row is turned on to reset 
driving transistor 11 a of pixel 16c. In this way, reset driv- 
ing based on the antecedent gate control method can 
be realized easily. 

[0441 ] More specific description follows. It is assumed 
that gate signal lines 1 7 are applied with respective volt- 
ages as shown in Figure 55(a); that is, gate signal line 
17a of pixel 16a is applied with on-voltage, while gate 
signal lines 17a of other pixels 16 applied with off-volt- 
age. It is also assumed that all the reverse bias transis- 
tors 11 g are off. 

[0442] Under these conditions, pixel 16a is in a state 
programmed with voltage; pixel 16b is in a reset state; 
pixel 16c is in a state holding the programming current; 
and pixel 1 6d is in a state holding the programming cur- 
rent. 

[0443] After lapse of 1H, data in shift register circuit 
61 of control gate driver 1 2 shifts by one bit, so that the 
state shown in Figure 55(b) results. Specifically, the 
state shown in Figure 55(b) is such that: pixel 16a is in 
a state holding the programming current; pixel 1 6b is in 
a state programmed with current; pixel 16c is in a reset 
state; and pixel 16d is in a state holding the program- 
ming current. 

[0444] As can be understood from the above descrip- 
tion, the voltage applied to gate signal line 17a of each 
pixel of a row of concern resets driving transistor 1 1 a of 
each pixel of the succeeding row thereby rendering the 



pixel of the succeeding row ready for voltage-based pro- 
gramming in the next horizontal period. Thus, voltage- 
based programming is performed on pixel rows sequen- 
tially. 

5 [0445] When perfect black display is performed with 
a current-based driving method, the current pro- 
grammed at the driving transistor 11 of each pixel is 0. 
That is, no current is passed from source driver 14. With 
no current, it is impossible to charge/discharge the par- 

10 asitic capacitance produced in source signal line 18 as 
well as to vary the potential of source signal line 1 8. Ac- 
cordingly, the gate potential of the driving transistor does 
not vary and, hence, capacitor 1 9 keeps on holding the 
potential as built one frame (field) (1 F) before. For ex- 

15 ample, if a white display is given one frame before, the 
white display is maintained in the next frame even when 
a perfect black display is desired in the next frame. In 
order to solve this problem, the present invention has 
an arrangement such as to write source signal line 18 

20 with a black-level voltage in the beginning of a one-hor- 
izontal scanning period (1H) and then output the pro- 
gramming current to source signal line 18. Assuming, 
for example, that picture image data has a gray level of 
from 0th to 7th which is close to the black level, a voltage 

25 corresponding to the black level is written for a prede- 
termined time period in the beginning of a one-horizontal 
period. In this way, it becomes possible to reduce the 
burden on current-based driving and compensate for in- 
sufficient writing. Here, it is assumed thata64-levelgray 

30 scale display has the 0th level corresponding to a per- 
fect black display and the 63rd level corresponding to a 
perfect white display. 

[0446] The level at which precharge is to be per- 
formed has to be limited to within a black display range. 

35 Specifically, image data to be written is judged as to 
whether it has a level within the black display range (low 
luminance range, that is, the range in which the writing 
current is low (feeble) in the current-based driving meth- 
od) and then the black range level is selected for pre- 

40 charge (selective precharge.) If precharge is performed 
for all levels of gray scale data, a drop in luminance 
(which means that a target luminance is not reached) 
occurs in the white display range. In addition, vertical 
streaks appear in the image displayed. 

45 [0447] Preferably, selective precharge is performed 
within a 1/8 range from level 0 of gray scale data. (For 
example, if the gray scale data has 64 levels, precharge 
is performed for image data having a level ranging from 
the 0th to the 7th before the writing of the image data.) 

50 More preferably, selective precharge is performed with- 
in a 1/1 6 range from level 0 of gray scale data. (For ex- 
ample, if the gray scale data has 64 levels, precharge 
is performed for image data having a level ranging from 
the 0th to the third before the writing of the image data.) 

55 [0448] In raising the contrast with a black display in 
particular, a method including detection of level 0 only 
for precharge is also effective. This method provides a 
very good black display. The problem essential to this 
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method is that the screen is observed to have unclear 
black when the whole screen is of level 1 or 2. Thus, the 
selective precharge is performed within a 1 /8 range from 
level 0 of gray scale data and within a fixed range. 
[0449] It is also effective to vary the precharge voltage 5 
and the gray scale level range depending on R, G and 
B. This is because EL devices 15 for R, G and B are 
different from each other in luminescence initiating volt- 
age and luminance of emission. For example, in the 
case of R, the selective precharge is performed within 10 
a 1/8 range from level 0 of gray scale data. (For exam- 
ple, if the gray scale data has 64 levels, precharge is 
performed for image data having a level ranging from 
the 0th to the 7th before the writing of the image data.) 
In the case of the other colors (G and B), control is made 15 
so that the selective precharge will be performed within 
a 1/1 6 range from level 0 of gray scale data. (For exam- 
ple, if the gray scale data has 64 levels, precharge is 
performed for image data having a level ranging from 
the 0th to the third before the writing of the image data.) 20 
Also, if the prechrage voltage for R is 7 (V), a voltage of 
7.5 (V) is written to source signal line 18 as the pre- 
charge voltage for the other colors (G and B). The opti- 
mum precharge voltage often varies depending on pro- 
duction lots of EL display panel. Therefore, it is prefer- 25 
able to employ an arrangement capable of adjusting the 
precharge voltage by means of an external volume or 
the like. Such an adjustment circuit can be realized eas- 
ily by the use of an electronic volume circuit. 
[0450] Hereinafter, the source driver (circuit) 14 of the 30 
current driven type according to the present invention 
will be described. The source driver of the present in- 
vention serves to realize the aforementioned drive 
methods and drive circuits of the present invention. In 
addition, a drive method, a drive circuit, and a display 35 
device of the present invention are used in combination 
with each other. In the following description, it is de- 
scribed as an IC chip; however, this should not in any 
way be deemed restrictive. Needless to say, it may be 
fabricated on a display panel by means of a low-temper- 40 
ature polysilicon technique or other technique. 
[0451] Referring first to Figure 72, there is illustrated 
an example of a driver circuit of the current driven type 
according to the present invention. In Figure 72, refer- 
ence numeral 721 denotes a D/A converter. The D/A 45 
converter 721 is fed an n-bit data signal, and outputs, 
based on the input data, an analog signal. This analog 
signal is put into an operational amplifier 722. The op- 
erational amplifier 722 gives its output to an N channel 
transistor 631a, and a current flowing in the transistor 50 
631 a flows to a resistor 691 . The terminal voltage of the 
resistor R becomes a minus (-) input of the operational 
amplifier 722, and this minus (-) terminal's voltage and 
the plus (+) terminal's voltage of the operational ampli- 
fier 722 are at the same level. Accordingly, the output 55 
voltage of the D/A converter 721 becomes the terminal 
voltage of the resistor 691 . 

[0452] Now, if the resistance value of the resistor 691 



is 1 M£2and, in addition, if theoutputof the D/A converter 
721 is 1 (V), then a current of 1 (V)/1 Mft = 1 (nA) flows 
through the resistor 691 . This becomes a constant cur- 
rent circuit. Therefore, according to the data signal val- 
ue, the analog output of the D/A converter 721 varies 
and, based on the value of the analog output, a given 
current flows in the resistor 691 . 

[0453] Transistors 631 p1 and 631 p2 form a current 
mirror circuit. These transistors 631 p are transistors of 
the P channel type. On the other hand, N channel type 
transistors 633n are transistors forming a current mirror 
circuit. The same current flows also through the source- 
drain (SD) of the drive transistor 631a, and a current of 
the same value flows also through the current mirror cir- 
cuit made up of the transistors 631 p1 and 631 p2, and a 
current of the same value flows also through the current 
mirror circuit made up of the transistors 633n. As a re- 
sult, output terminals 01, 02, 03, 04, 05, and so on 
serve as constant current output terminals through 
which currents of the same value flows (when the cur- 
rent multiplying ratios are the same). 
[0454] However, even for the case of ICs fabricated 
from the same mask on the basis of the same process, 
elemental devices such as transistors and capacitors 
which are formed on a semiconductor chip differ from 
each other in electrical characteristics, and even for the 
case of identical ICs, there are variations in output cur- 
rent between constant current output terminals. If, as 
described, there are variations in output current value 
between each constant current output terminal, this 
causes the light emitting elemental devices to vary in 
the amount of light emission, thereby creating display 
unevenness in the display panel. Accordingly, when ac- 
tivating an light emitting elemental device such as an 
organic EL display panel by the use of the driver IC14, 
it is required to hold variation in output current value be- 
tween each constant current output terminal as low as 
possible. 

[0455] Consequently, the driver IC (circuit)14 of the 
current driven type, provided with circuitry and a layout 
configuration capable of holding variation in output cur- 
rent value between each constant current output termi- 
nal as small as possible, is required. 
[0456] Referring to Figure 63, there is shown a con- 
structional arrangement of the source driver (circuit)14 
of the current driven type according to the present in- 
vention. Figure 63 shows, by way of example, a multi- 
stage type current mirror circuit made up of a current 
source of three stages, i.e., current sources (631 , 632, 
633). 

[0457] Referring still to Figure 63, the current value of 
a first-stage current source 631 is copied to N second- 
stage current sources 632, where the number N is any 
integer, by a current mirror circuit. Further, the current 
value of each of the second-stage current sources 632 
is copied to M third-stage current sources 633, where 
the number M is any integer, by a current mirror circuit. 
By virtue of such arrangement, resultingly the current 
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value of the first-stage current source 631 is copied to 
the N x M third-stage current sources 633. 
[0458] For example, when a source signal line 18 of 
the QCI F type display panel is activated by a single driv- 
er IC1 4, there are 1 76 outputs (because the source sig- 5 
nal line requires 1 76 outputs for each of the colors R, G, 
and B). In this case, the number N is 1 6 and the number 
M is 1 1 . Therefore, 16x11 = 1 76, thereby making it pos- 
sible to deal with the requirement (i.e., 1 76 outputs). The 
arrangement that either one of the numbers N and M is 10 
8 or 1 6, or a multiple thereof facilitates layout design of 
a driver IC's current source. 

[0459] In the source driver of the current driven type 
(shown in Figure 72), the current value of the first-stage 
current source 631 is copied directly to the N x M third- 15 
stage current sources by a current mirror circuit. If there 
is a difference in transistor characteristics between the 
first-stage current source 631 and the third-stage cur- 
rent source, this directly gives rise to a variation in cur- 
rent value, and such current value variation appears as 20 
display unevenness in the display panel. The source 
driver 14, since it is shaped like a long narrow strip 
(about 2 mm in width and about 20 mm in length), un- 
dergoes a wide variation in transistor characteristic in 
the middle and at both ends, and it is considered that 25 
such problems are significant. 

[0460] On the contrary to the above, in the source 
driver (circuit) 1 4 of the current driven type formed of the 
multi-stage current mirror circuit shown in Figure 63, as 
describe above, the current value of the first-stage cur- 30 
rent source 631 is not copied directly to the N x M third- 
stage current sources 633 by a current mirror circuit. Be- 
cause of the intermediate provision of the second-stage 
current sources 632, it becomes possible to absorb var- 
iation in transistor characteristics. 35 
[0461 ] Particularly, the present invention is character- 
ized in that the first-current mirror circuit (the current 
source 631 ) and the second-stage current mirror circuit 
(the current source 632) are arranged closely to each 
other. If a 2-stage current mirror circuit configuration (i. 40 
e., the first- and third-stage current sources 631 and 
632) is employed, this increases the number of third- 
stage current sources 633 that are brought into connec- 
tion with the first-stage current source 631 , thereby mak- 
ing it impossible to array the first- and second-stage cur- 45 
rent sources 631 and 633 closely to each other. 
[0462] The source driver 14 of the present invention 
is designed so that the current of the first-stage current 
mirror circuit (the current source 631) is copied to the 
second-stage current mirror circuit (the current source 50 
632) and, then, the current of the second-stage current 
mirror circuit (the current source 632) is copied to the 
third-stage current mirror circuit (the current source 
632). In this configuration, the number of second-stage 
current mirror circuits (the current sources 632) that are 55 
brought into connection with the first-stage current mir- 
ror circuit (the current source 631 ) is less in comparison 
with the configuration of Figure 72. This therefore makes 



it possible to array the first-stage current mirror circuit 
(the current source 631) and the second-stage current 
mirror circuits (the current sources 632) closely to each 
other. 

[0463] If transistors making up a current mirror circuit 
are arrayed closely to each other, this, of course, reduc- 
es transistor variation, thereby reducing variation in cur- 
rent value to be copied. In addition, the number of third- 
stage current mirror circuits (the current sources 633) 
that are brought into connection with the second-stage 
current mirror circuits (the current sources 632) is also 
diminished. This therefore makes it possible to dispose 
the second-stage current mirror circuits (the current 
sources 632) and the third-stage current mirror circuits 
(the current sources 633) closely to each other. 
[0464] Stated another way, as a whole, it is possible 
to provide a dense layout of transistors at current receiv- 
ing parts of the first to third stage current mirror circuits 
(the current sources 631, 632,633). Therefore, since 
transistors making up a current mirror circuit can be 
closely compacted together, this reduces transistor var- 
iation, thereby considerably reducing variation in current 
signal from the output terminals and achieving a high 
degree of accuracy. 

[0465] In the present exemplary embodiment, for pur- 
poses of simplification, the description has been made 
in terms of the 3-stage current mirror circuit as a multi- 
stage current mirror circuit. Needless to say, as the 
number of current mirror circuit stages increases, vari- 
ation in current flowing through the source driver 14 of 
the current driven type display panel is reduced. Accord- 
ingly, the number of current mirror circuit stages is not 
limited to three. The number of current mirror circuit 
stages may be three or more. 

[0466] The term "current source" (the current sources 
631 , 632, 633) and the term "current mirror circuit", used 
in the present invention specification, are equivalent in 
meaning. That is to say, the current source is a basic 
constructional concept of the present invention. The cur- 
rent source is implemented practically by a current mir- 
ror circuit. Accordingly, the current source is not limited 
to a current mirror circuit. For example, the current mir- 
ror circuit may be made up of a combination of the op- 
erational amplifier 722, the transistor 631 , and the resis- 
tor R, as shown in Figure 72. 

[0467] Referring to Figure 64, there is shown, in more 
specific manner, a constructional arrangement of the 
source driver (circuit) 14. Figure 64 shows a section of 
the third current source 633, i.e., a section which is 
brought into connection with a single source signal line 
1 8. The final-stage current mirror circuit configuration is 
made up a plurality of current mirror circuits of the same 
size (the current sources 634 (one unit)), and the current 
mirror circuit count is bit-weighted according to the im- 
age data bit. 

[0468] Additionally, the transistors making up the 
source driver (circuit) 14 are not limited to transistors of 
the MOS type. They may be of the bipolar type. In ad- 
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dition, other than the silicon semiconductor, GaAs sem- 
iconductor may be used. Furthermore, germanium sem- 
iconductor may be available. In addition, one, directly 
formed in a substrate by means of polysilicon technolo- 
gy such as low-temperature polysilicon technology or by 
means of amorphous silicon technology, may be used. 
[0469] Referring to Figure 64, there is shown a 6-bit 
digital input case as an exemplary embodiment of the 
present invention. In other words, it is possible to display 
64 gray scales because two to the sixth power (2 6 ) = 64. 
Placement of such a source driver 14 on an array sub- 
strate makes it possible to display about 260000 colors 
(64 x 64 x 64) because each of the colors R (red), G 
(green), and B (blue) is 64 gray scales. 
[0470] In Figure 64, DO indicates an LSB input and D5 
indicates an MSB input. When the DO input terminal is 
at HIGH level (at a positive logic level), the switch 641a 
(which is an ON/OFF means and which may be formed 
of a single transistor or implemented by an analog 
switch comprising a combination of a P channel transis- 
tor and an N channel transistor) turns on, upon which a 
current flows in the direction of a current source (one 
unit) 634 constituting a current mirror circuit. This cur- 
rent flows through an internal interconnection line 643 
in the inside of the IC 1 4. Since the internal interconnec- 
tion line 643 is connected to the source signal line 1 8 by 
way of a terminal electrode of the IC 1 4, the current flow- 
ing through the internal interconnection line 643 be- 
comes a program current for the pixel 1 6. 
[0471] When the D1 input terminal is at HIGH level (at 
a positive logic level), the switch 641b turns on, upon 
which a current flows in the direction of two current 
sources (one unit) 634 constituting a current mirror cir- 
cuit. This current flows through the internal interconnec- 
tion line 643 in the inside of the IC 14. Since the internal 
interconnection line 643 is connected to the source sig- 
nal line 18 through the terminal electrode of the IC 14, 
the current flowing through the internal interconnection 
line 643 becomes a program current for the pixel 16. 
[0472] The same is applied to the other switches 641 . 
When the D2 inputterminal is at HIGH level (at a positive 
logic level), the switch 641 c turns on, upon which a cur- 
rent flows in the direction of four current sources (one 
unit) 634 constituting a current mirror circuit. When the 
D5 input terminal is at HIGH level (at a positive logic 
level), the switch 641 f turns on, upon which a current 
flows in the direction of 32 current sources (one unit) 
634 constituting a current mirror circuit. 
[0473] As described above, in response to the data 
(DO to D5) externally applied, a current flows toward a 
corresponding current source (one unit). Accordingly, it 
is configured such that a current flows toward zero to 63 
current sources (one unit) in response to the data. For 
purposes of providing an easy understanding of the 
present invention, the number of current sources is 63 
(the 6-bit case); however, this arrangement should not 
in any way be deemed restrictive. For the 8-bit case, it 
suffices if 255 unit current sources 634 are formed (or 



arranged). On the other hand, for the 4-bit case, it suf- 
fices if 15 unit current sources 634 are formed (or ar- 
ranged). The transistors 634 constituting a unit current 
source have the same channel width (W) and the same 

5 channel length (L). By such a configuration formed by 
identical transistors, it becomes possible to construct an 
output stage which undergoes a less variation. 
[0474] In addition, the aforesaid arrangement, in 
which all the current sources 634 supply respective 

10 flows of currents of the same level, should not in any 
way be deemed restrictive. For example, each current 
source 634 may be assigned a respective weight. For 
example, it may be arranged such that a current output 
circuit is composed of a mixture of a current source 634 

15 (one unit), a current source 634 (assigned a twofold 
weight), and a current source 634 (assigned a fourfold 
weight). 

[0475] However, when the current sources 634 are 
configured by weighting, each weighed current source 
20 634 becomes out of the weighting ratio, thereby produc- 
ing the possibility that there occur variations. According- 
ly, even when the current sources are weighed, it is pref- 
erable that each current source is configured by forming 
a plurality of transistors each of which becomes a cur- 
25 rent source of one unit. 

[0476] The size of a transistor making up the unit cur- 
rent source 634 is required to be greater than a certain 
level. As the transistor size decreases, the variation in 
output current increases. Here, by "the size of the tran- 
30 sistor 634" is meant a size found by multiplication of L 
(the channel length) times W (the channel width). For 
example, if W = 3 jiim and L = 4 urn, then the size of the 
transistor 634 constituting a single unit current source 
is: W x L = 1 2 square jum. As the transistor size decreas- 
es es, the variation becomes wider, the possible reason for 
which is the influence of the crystal interface state of a 
silicon wafer. Therefore, if a single transistor is so 
formed as to extend over a plurality of crystal interfaces, 
this reduces variation in transistor output current. 
40 [0477] Referring now to Figure 117, there is shown a 
transistor size versus transistor output current variation 
relationship. In the Figure 1 1 7 graph, the horizontal axis 
indicates the transistor size (square urn). On the other 
hand, the vertical axis indicates the output current vari- 
es ation (a) by %. The output current variation (%) was 
found as follows. A group composed of 63 unit current 
sources 634 was formed, in other words 63 unit transis- 
tors were formed. A plurality of such groups were formed 
on a wafer. Then, variations in output current were 
50 measured. The horizontal axis of the graph provides a 
representation by the size of a transistor constituting a 
single unit current source. However, the number of tran- 
sistors arrayed in parallel is 63, and the actual area is 
63 times greater than that. In the present invention, con- 
55 sideration, in which the size of the unit current source 
634 was used as a unit, was made. Therefore, Figure 
117 shows that the variation in output current thereat is 
0.5 %, when 63 unit transistors (30 square |um) are 
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formed. 

[0478] For the 64-gray-scale display, 1 00/64 = 1 .5 %. 
Accordingly, it is required that the output current varia- 
tion be within 1.5 %. As can be seen from Figure 117, 
in order for the output current variation to be within 1 .5 
%, it is required that the unit transistor has a size of not 
less than 2 square jum. For the 64-gray-scale display, 
63 unit transistors of 2 square jum are operated. On the 
other hand, there are limits to the transistor size be- 
cause the IC chip size increases and there are limits to 
the crosswise width per one output. In view of this, the 
upper limit of the size of the unit current source 634 is 
300 square |nm. Accordingly, for the 64-gray-scale dis- 
play, it is required that the current source 634 has a size 
of not less than 2 nor more than 300 square jum. 
[0479] For the 1 28-gray-scale display, 1 00/1 28 = 1 %. 
Accordingly, it is required that the output current varia- 
tion be within 1 %. As can be seen from Figure 117, in 
order for the output current variation to be within 1 %, it 
is required that the unit transistor has a size of not less 
than 8 square |nm. Accordingly, in the case of the 
1 28-gray-scale display, it is required that the current 
source 634 has a size of not less than 8 nor more than 
300 square \im. 

[0480] Figure 117 is the variation data of 1a. If 3a 
serves as a reference, then (100/64)/3 = 0.5 % for the 
case of the 64-gray-scale display. Therefore, it is re- 
quired that the variation in output current be within 0.5 
%. As can be seen from Figure 117, in order for the out- 
put current variation to be within 0.5 %, it is required that 
the unit transistor has a size of not less than 30 square 
jLim. On the other hand, there are limits to the transistor 
size. If 3a is a reference, then it is required that the unit 
current source 634 has a size of not less than 30 nor 
more than 300 square |um for the 64-gray-scale display. 
Even when there occurs some variation, such variation 
will, in fact, not be recognized when the image is being 
displayed. For the 64-gray-scale display, the transistor 
size of not less than 15 nor more than 300 square |um 
(2a level) is sufficient for practical use. 
[0481] Generally, both a relation of 40 < K/(St) 1/2 and 
a relation of St < 300 should be satisfied, where K is the 
number of gray scales and St is the size of the unit tran- 
sistor 634 (square |nm). 

[0482] It is more preferable that a relation of 1 20 < K/ 
(St) 1/2 and a relation of St < 300 are satisfied. 
[0483] The foregoing example is a case where 63 
transistors are formed for the 64-gray-scale display. 
When constituting 64 gray scales with 127 unit transis- 
tors 634, the size of the unit transistor 634 is a size which 
a sum of two unit transistors 634. For example, if the 
size of the unit transistor 634 is 1 0 square jum and 1 27 
unit transistors are formed for the 64-gray-scale display, 
then a column of 10 x 2 = 20 of Figure 117 should be 
referred to as a unit transistor size. Likewise, if the size 
of the unit transistor 634 is 10 square jum and 255 unit 
transistors are formed for the 64-gray-scale display, 
then a column of 10 x 4 = 40 of Figure 117 should be 



referred to as a unit transistor size. 
[0484] The configuration of Figure 64 is a third-stage 
current mirror section depicted in Figure 63. According- 
ly, the first-stage current source 631 is formed separate- 

5 ly from the second-stage current source 632, and these 
current sources are arranged densely (closely or adja- 
cently). Furthermore, the second-stage current source 
632 and the current mirror circuit transistor 633a making 
up a third-stage current source are arranged densely 

10 (closely or adjacently). 

[0485] In addition, particularly, the current sources 
(one unit) 634 are arranged densely and a minute cur- 
rent flows therethrough. Consequently, when the cur- 
rent source 634 (the other current sources 631 , 632, 633 

15 should also be considered) is illuminated with rays of 
light (luminescent light) emitted from the EL display pan- 
el or the like, this gives rise to an operational malfunction 
caused by the photoconductor phenomenon. In order to 
deal with this problem, a light shielding film is formed on 

20 an underside surface of the chip. Furthermore, a light 
shielding film is formed at a mounting area on the sub- 
strate and, in addition, at an area where a chip current 
source is formed (formation of a metal thin film or a light 
absorbing film made of organic or inorganic material on 

25 a surface of the panel substrate). If the light shielding 
film is formed by routing, under the IC chip, anode and 
cathode interconnection lines for the supply of current 
to the EL elemental device 15, this both facilitates for- 
mation of the light shielding film and cuts down costs. 

30 The use of this construction is not limited to the IC chip. 
The construction is applied to the source driver 14 by 
the use of low-temperature polysilicon technology, high- 
temperature polysilicon technology, CGS (semiconduc- 
tor film formation by solid-phase growth) technology, or 

35 amorphous silicon technology. Stated another way, the 
light shielding film is formed on an underside surface of 
the source driver 14. 

[0486] A current flowing in the second-stage current 
mirror circuit 632 is copied to the transistor 633a which 

40 constitutes a third-stage current mirror circuit and, when 
the current mirror current multiplying ratio is 1 , this cur- 
rent flows through the transistor 633b. The current is 
copied to the final-stage transistor 634. 
[0487] A section corresponding to DO, since it is 

45 formed by a single transistor 634, is at the value of a 
current flowing through the transistor 633 which is a fi- 
nal-stage current source. A section corresponding to 
D1 , since it is formed by two transistors 634, is at a cur- 
rent value two times that of the final-stage current 

50 source. D2, since it is formed by four transistors 634, is 
at a current value four times that of the final-stage cur- 
rent source. Likewise, a section corresponding to D5, 
since it is formed by 32 transistors 634, is at a current 
value 32 times that of the final-stage current source. Ac- 

55 cordingly, a program current Iw is outputted to the 
source signal line through the switches controlled by the 
image data of six bits DO, D1 , D2, D5 (current with- 
drawal). Therefore, in response to the ON/OFF of the 



52 



103 



EP 1 450 341 A1 



104 



6-bit image data DO, D1, D2, D5, currents at values 
one times, two times, four times, ...,32 times that of the 
final-stage current source 633 are added together for 
outputting to the output line. Stated another way, by the 
6-bit image data DO, D1 , D2, D5, current values from 
zero to 63 times that of the final-stage current source 
633 are outputted from the output line. A current is 
drawn in from the source signal line 18. 
[0488] The above-described integral multiple config- 
uration of the final-stage current sources 633 makes it 
possible to control the value of current with a higher de- 
gree of accuracy in comparison with the conventional 
W/L proportional distribution, in other words any varia- 
tion in output between each terminal will no longer occur. 
[0489] However, this configuration is for the case 
where the drive TFT 11a which constitutes the pixel 16 
is formed by a P channel transistor and, in addition, the 
current source (one unit) section 634 which constitutes 
the source driver 14 is formed by an N channel transis- 
tor. In other cases (for example in the case where the 
driver TFT 1 1 a which constitutes the pixel 1 6 is formed 
by an N channel transistor), it is needless to say that it 
is possible to employ a configuration in which the pro- 
gram current Iw becomes a discharge current. 
[0490] As described in the foregoing description, cur- 
rents at values from zero to 63 times that of the final- 
stage current source 633 are outputted, for the current 
mirror multiplying ratio of the final-stage current source 
633 = 1. When the current mirror multiplying ratio is 2, 
currents at values from zero to 126 times that of the final- 
stage current source 633 are outputted. When the cur- 
rent mirror multiplying ratio is 0.5, currents at values 
from zero to 31.5 times that of the final-stage current 
source 633 are outputted. As has been described 
above, in accordance with the present invention, the val- 
ue of the output current can be changed easily by mak- 
ing a change in current mirror multiplying ratio of the fi- 
nal-stage current source 633 or by making a change in 
current mirror multiplying ratio of a current source (631 , 
632 et cetera) at a stage preceding to the final stage. In 
addition, with respect to this, it is preferable to make a 
change in current mirror multiplying ratio by color (R, G, 
and B). For example, only with respect to the color R, 
the current mirror multiplying ratio of any one of the cur- 
rent sources may be varied against the other color 
(againstthe current source circuit in association with the 
other color). Particularly, for the case of the EL display 
panel, the efficiency of luminescence differs from one 
color to another (R, G, and B, or cyan, yellow, and ma- 
genta). Accordingly, better white balance can be ob- 
tained by making a change in current mirror multiplying 
ratio for each color. 

[0491 ] The arrangement that the current mirror multi- 
plying ratio of the current source is varied against a dif- 
ferent color (against the current source circuit associat- 
ed with a different color) is not limited to a fixed one. It 
includes a variable one. Such a variable one is realized 
by forming a plurality of transistors constituting a current 



mirror circuit and by changing the number of transistors 
by which a current flows in response to an external sig- 
nal. Such arrangement makes it possible to achieve op- 
timal white balance control while observing the state of 
5 luminescence of each color of the EL display panel fab- 
ricated. Especially, the present invention provides a 
configuration in which current sources (current mirror 
circuits) are coupled in a multi-stage fashion. Accord- 
ingly, by making a change in current mirror multiplying 
10 ratio between the first-stage current source 631 and the 
second-stage current source 632, output currents from 
many outputs can be varied easily with a less number 
of connections (current mirror circuits et cetera). Of 
course, it is needless to say that, when compared to the 
15 case where there is made a change in current mirror 
multiplying ratio between the second-stage current 
source 632 and the third-stage current source 633, out- 
put currents from many outputs can be varied easily with 
a much less number of connections (current mirror cir- 
20 cuits et cetera). 

[0492] It should be noted that the concept of making 
a change in current mirror multiplying ratio is to make 
variation (adjustment) in current multiplying ratio. There- 
fore, the concept is not limited to current mirror circuits. 
25 For example, the concept is realized in a current output 
operational amplifier circuit, a current output D/A circuit 
or the like. 

[0493] Needless to say, the arrangements as de- 
scribe above are applicable to other exemplary embod- 
30 iments of the present invention. 

[0494] Referring to Figure 65, there is shown a dia- 
gram illustrating an example of a 176-output (N x M = 
176) circuit which is a 3-stage current mirror circuit. In 
Figure 65, the current source 631 as a first-stage current 
35 mirror circuit is a "parent" current source, and the current 
source 632 as a second-stage current mirror circuit is a 
"child" current source, and the current source 633 as a 
third-stage current mirrorcircuit is a "grandchild" current 
mirror circuit. By virtue of the integral multiple configu- 
40 ration of the current sources formed by the third-stage 
current mirror circuits (i.e., the final-stage current mirror 
circuits), it becomes possible to reduce variation in the 
1 76 outputs as much as possible, thereby making it pos- 
sible to produce high-accuracy current outputs. Of 
45 course, it is important to remember that the current 
sources 631, 632, 633 are arranged densely. 
[0495] Here, by "'arranged densely" is meant such an 
arrangement that the distance between the first-stage 
current source 631 and the second-stage current source 
50 632 (the current (voltage) output side and the current 
(voltage) input side) does not exceed 8 mm at least. 
More preferably, the distance does not exceed 5 mm. 
According to the study, within such a distance range, the 
difference in characteristic (Vt, mobility (jli)) between 
55 transistors arranged in the silicon chip hardly occurs. In 
addition, likewise, the second-stage current source 632 
and the third-stage current source 633 (between the cur- 
rent output side and the current input side) are arranged 
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such that the distance between the second-stage cur- 
rent source 632 and the third-stage current source 633 
does not exceed 8 mm at least. More preferably, these 
transistors are arranged such that the distance between 
them does not exceed 5 mm. Needless to say, the 5 
above-described arrangement is applicable to other ex- 
emplary embodiments of the present invention. 
[0496] By "current (voltage) output side" and by "cur- 
rent (voltage) input side" are meant the following. The 
voltage transfer of Figure 66 relates to an arrangement 10 
in which the (l)th-stage current source transistor 631 
(the output side) and the (I + 1 )th-stage current source 
transistors 632a (the input side) are arrayed densely. 
The voltage transfer of Figure 67 relates to an arrange- 
ment in which the (l)th-stage current source transistor 15 
631a (the output side) and the (I + 1)th-stage current 
source transistors 632b (the input side) are arrayed 
densely. 

[0497] In Figures 65 and 66, the number of transistors 
631 is one; however, this arrangement should not in any 20 
way be deemed restrictive. For example, it may be ar- 
ranged such that, after forming a plurality of small tran- 
sistors 631 , they are connected, via their source or drain 
terminals, to the resistor 651. It is possible to reduce 
transistor variation by connecting a plurality of small 25 
transistors in parallel. 

[0498] Likewise, the number of transistors 632a is 
one; however, this arrangement should not in any way 
be deemed restrictive. For example, it may be arranged 
such that, after forming a plurality of small transistors 30 
631 a, they are connected, via their gate terminals, to the 
gate terminal of the transistor 631. It is possible to re- 
duce the difference between the transistors 632a by 
connecting a plurality of small transistors in parallel. 
[0499] To sum up, as the configuration of the present 35 
invention, there are exemplarily shown the following ar- 
rangements, namely a first arrangement in which a sin- 
gle transistor 631 and a plurality of transistors 632a are 
connected; a second arrangement in which a plurality 
of transistors 631 and a single transistor 632a are con- 40 
nected; and a third arrangement in which a plurality of 
transistors 631 and a plurality of transistors 632a are 
connected. 

[0500] The above-described arrangement is applica- 
ble to the configuration of the transistors 633a and 633b 45 
(see Figure 68). There are exemplarily shown the fol- 
lowing arrangements, namely a first arrangement in 
which a single transistor 633a and a plurality of transis- 
tors 633b are connected; a second arrangement in 
which a plurality of transistors 633a and a single tran- 50 
sistor 633b are connected; and a third arrangement in 
which a plurality of transistors 633a and a plurality of 
transistors 633b are connected. This is because varia- 
tion between the transistors 633 is reduced by connect- 
ing a plurality of small transistors 633 in parallel. 55 
[0501] The above-described arrangement is applica- 
ble to the relationship between the transistor 632a and 
the transistor 632b (Figure 68). In addition, preferably 



the transistor 633b of Figure 64 is also formed by a plu- 
rality of transistors. Likewise, preferably the transistor 
633 of Figure 74 is also formed by a plurality of transis- 
tors. 

[0502] Here, by "silicon chip" is meant a semiconduc- 
tor chip including a chip formed in a gallium substrate 
and other semiconductor chip formed in, for example, a 
germanium substrate. 

[0503] Furthermore, it is applied to a source driver by 
means of low-temperature polysilicon, high-tempera- 
ture polysilicon, semiconductor film (CGS) formed by 
solid-phase growth, or amorphous silicon technology. 
However, in this case, the panel size is relatively large 
in most cases. Even when there is some variation in out- 
put from the source signal line 1 8, such variation is un- 
susceptible to being recognized visually if the panel size 
is large. Accordingly, in a display panel in which pixel 
TFTs are formed in a glass substrate simultaneously 
with formation of the source driver 14, by "arranged 
densely" is meant such an arrangement that the dis- 
tance between the first-stage current source 631 and 
the second-stage current source 632 (the current output 
side and the current input side) does not exceed 30 mm 
at least. More preferably, the distance does not exceed 
5 mm. According to the study, the difference in charac- 
teristic (Vt, mobility between transistors arrayed 
within such a distance range hardly occurs. In addition, 
likewise, the distance between the second-stage cur- 
rent source 632 and the third-stage current source 633 
(the current output side and the current input side) does 
not exceed 30 mm at least. More preferably, the dis- 
tance does not exceed 5 mm. 

[0504] In the foregoing description, for the sake of pro- 
viding an easy understanding or for the sake of simpli- 
fication, it is described such that signals are transferred 
between current mirror circuits in voltage form. Howev- 
er, by employing a current transfer configuration, it be- 
comes possible to realize a drive driver circuit (IC) for a 
current driven type display panel with less variation. 
[0505] Referring to Figure 67, there is shown an ex- 
emplary embodiment of the current transfer configura- 
tion. Figure 66 relates to an exemplary embodiment of 
the voltage transfer configuration. Figure 66 and Figure 
67 are identical circuit diagrams but have different layout 
arrangements, in other words they differ from each other 
in interconnection line routing. In Figure 66, reference 
numeral 631 denotes an Nch transistor for the first-stage 
current source, and reference numeral 632a denotes an 
Nch transistor for the second-stage current source, and 
reference numeral 632b denotes a Pch transistor for the 
second-stage current source. 

[0506] In Figure 67, reference numeral 631 a denotes 
an Nch transistor for the first-stage current source, and 
reference numeral 632a denotes an Nch transistor for 
the second-stage current source, and reference numer- 
al 632b denotes a Pch transistor for the second-stage 
current source. 

[0507] Figure 66 shows a layout arrangement of the 
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voltage transfer type in which the gate voltage of the 
first-stage current source made up of the variable resis- 
tor 651 (which is used for current variation) and the Nch 
transistor 631 is transferred to the gate of the Nch tran- 
sistor 632a for the second-stage current source. 
[0508] On the other hand, Figure 67 shows a layout 
arrangement of the current transfer type in which the 
gate voltage of the first-stage current source made up 
of the variable resistor 651 and the Nch transistor 631a 
is applied to the gate of the adjacent Nch transistor 632a 
of the second-stage current source, as a result of which 
the value of a current flowing through the transistor is 
transferred to the Pch transistor 632b of the second- 
stage current source. 

[0509] In the exemplary embodiment of the present 
invention, the description has been made focusing at- 
tention on the relationship between the first current 
source and the second current source for the sake of 
simplification and for the sake of providing an easy un- 
derstanding, which should not in any way be deemed 
restrictive. Needless to say, the present invention is ap- 
plied (applicable) to the relationship between the sec- 
ond current source and the third current source or to the 
relationship between other different current sources. 
[0510] In the layout arrangement of the current mirror 
circuit of the voltage transfer type (see Figure 66), the 
Nch transistor 631 of the first-stage current source con- 
stituting a current mirror circuit and the Nch transistor 
632a of the second-stage current source are some dis- 
tance from each other (or they are likely to separate from 
each other), as a result of which these transistors 631 
and 632a are likely to differ from each other in their tran- 
sistor characteristics. Consequently, the current value 
of the first-stage current source is not transferred exactly 
to the second-stage current source, and variations are 
likely to occur. 

[0511] Contrary to the above, in the layout arrange- 
ment of the current mirror circuit of the current transfer 
type (see Figure 67), the Nch transistor 631 a of the first- 
stage current source constituting a current mirror circuit 
and the Nch transistor 632a of the second-stage current 
source are next to each other (they are easily arranged 
next to each other), as a result of which these transistors 
631 a and 632a are unsusceptible to being differing from 
each other in their transistor characteristics. Conse- 
quently, the current value of the first-stage current 
source is transferred exactly to the second-stage cur- 
rent source, and variations are unlikely to occur. 
[0512] In view of the above, preferably the multi-stage 
current mirror circuit of the present invention (the source 
driver (IC) 14 of the current driven type of the present 
invention) employs, as its circuitry, not a voltage transfer 
layout arrangement but a current transfer layout ar- 
rangement because the latter is able to reduce the var- 
iation. It is needless to say that the foregoing exemplary 
embodiment is applicable to other exemplary embodi- 
ments of the present invention. 

[0513] For the sake of descriptive convenience, the 



"from the first-stage current source to the second-stage 
current source" case is discussed; however, it is need- 
less to say that the same is applied to the "from the sec- 
ond-stage current source to the third-stage current 

5 source" case, the "from the third-stage current source 
to the fourth-stage current source" case, and so on. 
[0514] Referring to Figure 68, there is shown an ex- 
ample in which a current mirror circuit having a 3-stage 
configuration (i.e., a current source having a 3-stage 

10 configuration) shown in Figure 65 is of the current trans- 
fer type. Figure 65 shows a circuit configuration of the 
voltage transfer type. 

[0515] Referring to Figure 68, a reference current (a 
reference signal) is first generated by the variable resis- 
ts tor 651 and the Nch transistor 631. Although it is de- 
scribed such that the reference current is adjusted by 
the variable resistor 651, actually it is configured such 
that the source voltage of the transistor 631 is set and 
controlled by an electronic volume circuit formed (ar- 
20 ranged) in the source driver (circuit) 14. Alternatively, 
adjustment of the reference current may be carried out 
by direct supply of a current, outputted from an electron- 
ic volume circuit of the current type made up of a large 
number of current sources (one unit) 634 as shown in 
25 Figure 64, to the source terminal of the transistor 631 
(see Figure 69). 

[0516] The gate voltage of the first-stage current 
source formed by the transistor 631 is applied to the gate 
of the Nch transistor 632a of the second-stage current 

30 source situated next to the transistor 631 , as a result of 
which the value of a current flowing in the transistor is 
passed to the Pch transistor 632b of the second-stage 
current source. In addition, the gate voltage of the tran- 
sistor 632b of the second-stage current source is ap- 

35 plied to the gate of the Nch transistor 633a of third-stage 
current source situated next to the transistor 632b, as a 
result of which the value of a current flowing in the tran- 
sistor is passed to the Nch transistor 633b of the third- 
stage current source. A large number of current sources 

40 634 are formed (arranged) at the gate of the Nch tran- 
sistor 633b of the third-stage current source according 
to the required number of bits. 

[0517] Figure 69 is characterized in that the first-stage 
current source 631 of the aforesaid multi-stage current 

45 mirror circuit is provided with a current value adjusting 
element. As a result of such arrangement, it becomes 
possible to control output currents by varying the current 
value of the first-stage current source 631 . 
[051 8] The Vt variation (characteristic variation) of the 

50 transistor is a variation of about 1 00 mV in a single wafer. 
However, the Vt variation between transistors which are 
formed in close proximity to each other (within 100 mi- 
crometers) does not exceed 1 0 mV (by actual measure- 
ment). Stated another way, the variation in output cur- 

55 rent of the current mirror circuit is reduced by forming 
transistors in close proximity to each other to constitute 
a current mirror circuit. Accordingly, it is possible to re- 
duce variation in output current of each terminal of the 
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source driver. 

[0519] Referring to Figure 110, there are graphically 
shown measurement results for the transistor formation 
area (square mm) versus single transistor's output cur- 
rent variation (3a) relationship. The output current vari- 
ation is a current variation at a voltage of Vt. Black spot 
symbols represent transistor output current variations 
for evaluation samples (from 1 0 to 200 evaluation sam- 
ples) fabricated within a predetermined formation area. 
There is almost no variation of the output current among 
the transistors formed within Region A (formation area: 
within 0.5 square mm), in other words there is only an 
output current variation within the error span, so that a 
constant output current is outputted. On the other hand, 
in Region C (formation area: not less than 2.4 square 
mm), the variation in output current with respect to the 
formation area tends to increase abruptly. In Region B 
(formation area: not less than 0.5 nor more than 2.4 
square mm), the variation in output current with respect 
to the formation area is almost in a proportional relation- 
ship. 

[0520] It should be noted that the output current ab- 
solute value differs from one wafer to another. However, 
such a problem can be dealt with by adjustment of the 
reference current or by maintaining the reference cur- 
rent at a predetermined value in the source driver (IC) 
14 of the present invention. In addition, it is possible to 
solve or deal with the problem by the devising of a circuit 
(e.g., a current mirror circuit). 

[0521] In the present invention, the number of cur- 
rents flowing through the unit transistor 634 is switched 
by the input digital data (D), whereby the amount of cur- 
rent flowing through the source signal line 18 is varied 
(controlled). If the number of gray scales is 64 or more, 
then theoretically it is required that the variation in output 
current falls within the range from 1 to 2% because 1/64 
= 0.015. Output current variations within 1 % are difficult 
to recognize visually and output variations within 0.5 % 
are almost impossible to recognize (in other words, 
viewed evenly). 

[0522] In order to hold the output current variation (%) 
within 1 %, it is required that a group of transistors (tran- 
sistors to be variation-suppressed) be formed in an area 
within 2 square mm (see the results shown in Figure 
1 1 0). More preferably, the output current variation (i.e., 
the transistor Vt variation) does not exceed 0.5 %. As 
shown by the results of Figure 110, it suffices if the for- 
mation area of the transistor group 681 does not exceed 
1.2 square mm. The formation area is found by: a lon- 
gitudinal length times a crosswise length. For example, 
1 . 2 square mm is: 1 mm times 1 .2 mm. 
[0523] The above is especially for the case of 8 bits 
(256 gray scales) or more. For the case of not more than 
256 gray scales, e.g., for the case of 6 bits (64 gray 
scales), the output current variation may be about 2 % 
(there are no practical problems with image display). In 
this case, it suffices if the transistor group 681 is formed 
in an area within 5 square mm. In addition, there is no 



need for both the transistor groups 681 (in Figure 68, 
there are shown two transistor groups, i.e., transistor 
groups 681 a and 681 b) to satisfy this condition. The ef- 
fects of the present invention are brought out when at 
5 least one of the two transistor groups (when the number 
of transistor groups 681 is three, at least one or more of 
the three transistor groups 681) is so configured as to 
satisfy the condition. It is particularly preferable that 
such a condition is satisfied by a low-order transistor 
group (the transistor group 681a is a high-order one 
while the transistor group 681b is a low-order one), 
thereby making image display unsusceptible to prob- 
lems. 

[0524] The above-described arrangements are ap- 
plied to other exemplary embodiments of the present in- 
vention, and can be combined with a display panel, ar- 
ray, and display device of the present invention. 
[0525] As shown in Figure 68, in the source driver (IC) 
14 of the present invention, at least a plurality of current 
sources (parent, child, and grandchild current sources) 
are multi-stage connected so that they are arrayed 
densely (of course, 2-stage connection of parent and 
child current sources can be employed). In addition, cur- 
rents are transferred between current sources (between 
the transistors groups 681). More specifically, the area 
surrounded by dotted line of Figure 68 (the transistor 
groups 681 ) is a transistor densely arranged area. The 
transistor groups 681 are in a voltage transfer relation- 
ship. In addition, the parent current source 631 and the 
child current source 632a are formed or arranged sub- 
stantially centrally in the source driver (IC chip) 1 4. This 
is because the distance between the transistors ar- 
ranged laterally in the chip, i.e., the transistor 632a con- 
stituting a child current source and the transistor 632b 
constituting a child current source, can be made rela- 
tively short. In other words, the highest-order transistor 
group 681a is arranged substantially centrally in the IC 
chip. And, the low-order transistor groups 681b are ar- 
ranged laterally in the IC chip 14. More preferably, it is 
arranged, formed, or fabricated such that the number of 
low-order transistor groups 681b arranged on one side 
of the IC chip substantially equals the number of low- 
order transistor groups 681 b arranged on the other side. 
The above arrangements are not limitedly applied to the 
IC chip 14. For example, they are applied to the source 
driver 14 that is formed directly in the substrate 71 by a 
low or high-temperature polysilicon technique. The 
same applies to other arrangements. 
[0526] In accordance with the present invention, asin- 
gle transistor group 681a is configured, arranged, 
formed or fabricated substantially centrally in the IC chip 
1 4, and eight transistor groups 681 b are formed laterally 
in the chip (N = 8 + 8, see Figure 63). It is preferable 
that the number of child transistor groups 681b on one 
side of the chip equals that of child transistor groups 
681b on the other side, or that the difference between 
the number of child transistor groups 681b formed or 
arranged on the right side of the parent transistor group 
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formed centrally in the chip and the number of child tran- 
sistor groups 681b formed or arranged on the left side 
of the parent transistor group is within four. More pref- 
erably, the difference between the number of child tran- 
sistor groups 681 b formed or arranged on the right side 5 
of the chip and the number of child transistor groups 
681 b formed or arranged on the leftside of the chip does 
not exceed one. The same is applied likewise to the 
grandchild transistor groups (not shown in Figure 68). 
[0527] There is a voltage transfer (a voltage connec- 10 
tion) between the parent current source 631 and the 
child current source 632a, therefore being susceptible 
to the transistor Vt variation. In order to cope with this, 
the area of the transistor group 681a is a transistor 
densely arranged area. Preferably, the formation area 15 
of the transistor group 681a is within 2 square mm, as 
shown in Figure 1 1 0. More preferably the formation area 
is within 1.2 square mm. Needless to say, in the case 
where the number of gray scales is not more than 64, it 
suffices if the area does not exceed 5 square mm. 20 
[0528] Since the transfer of data between the transis- 
tor group 681a and the child transistor 632b is carried 
out by current (current transfer), it does not matter that 
there is some distance between the transistor group 
681 a and the child transistor 632b. As discussed above, 25 
the range of such a distance (e.g., the distance from an 
output terminal of the high-order transistor group 681a 
to an input terminal of the low-order transistor 681b) 
does not exceed 1 0 mm at least, in other words the tran- 
sistor 632a constituting a second current source (child) 30 
and the transistor 632b constituting a second current 
source (child) are located not more than 10 mm apart. 
Preferably the transistors 632a and 632b are located not 
more than 8 mm apart. More preferably the transistors 
632a and 632b are located not more than 5 mm apart. 35 
This is because the study shows that, within such a 
range, the characteristic difference (Vt, mobility (ju)) 
among transistors arranged within the silicon chip has 
little influence on the current transfer. Especially, this re- 
lationship is established preferably in the low-order tran- 40 
sistor groups. For example, if it is arranged such that the 
transistor group 681 a is of the high order; the transistor 
group 681 b is of the order lower than the transistor group 
681 a; and the transistor group 681 c is of the order lower 
than the transistor group 681 b, then the transfer of cur- 45 
rent between the transistor group 681 b and the transis- 
tor group 681c satisfies the aforesaid relationship. This 
means that the present invention is not limited to such 
arrangementthatall the transistor groups 681 satisfy the 
relationship, in other words, it suffices if at least a single 50 
transistor group 681 satisfies the relationship, because 
the number of transistor groups 681 increases as the 
order decreases. 

[0529] The same is applied to the transistor 633a con- 
stituting a third current source (grandchild) as well as to 55 
the transistor 633b constituting a third current source, 
and is nearly applicable as for the voltage transfer. 
[0530] The transistor group 681b is formed, fabricat- 



ed, or arranged laterally in the chip (in the longitudinal 
direction, i.e., at a position opposing to the output termi- 
nal 761). The number (M) of transistor groups 681b is 
eleven in the present invention (see Figure 63). 
[0531] Voltage transfer (voltage connection) is made 
between the child current source 632b and the grand- 
child current source 633a. Therefore, like the transistor 
group 681a, the section of the transistor group 681b is 
a transistor densely arranged area. The formation area 
of the transistor group 681b does not exceed 2 square 
mm, as shown in Figure 1 1 0, more preferably it does not 
exceed 1.2 square mm. If the Vt of this transistor group's 
681b section varies even slightly, such Vt variation is 
susceptible to being recognized as an image. Therefore, 
it is preferable that the formation area does not exceed 
0.5 square mm (Region A of Figure 110) so that there 
occurs little variation. 

[0532] Since data transfer between the grandchild 
transistor 633a and the transistor 633b which constitute 
the transistor group 681b is established by means of 
current (current transfer), it is not objectionable that 
there is some distance between these transistors. The 
range of such a distance is the same as described 
above. The transistor 633a constituting a third current 
source (grandchild) and the transistor 633b constituting 
a second current source (grandchild) are located not 
more than 8 mm apart, more preferably not more than 
5 mm apart. 

[0533] Referring to Figure 69, there is shown an ex- 
ample in which the aforesaid current value control ele- 
mental device is implemented by an electronic volume 
circuit. The electronic volume circuit is made up of a re- 
sistor 691 (which generates a current limitation and 
each reference voltage and which is formed of polysili- 
con), a decoder 692, a level shifter 693, and other com- 
ponents. The electronic volume circuit outputs a current. 
The transistor 641 functions as an analog switch circuit. 
[0534] In addition, the electronic volume circuit is 
formed or arranged according to the number of colors 
of the EL display panel For example, for the case of the 
three primary colors (R, G, and B), it is preferable that 
three electronic volume circuits associated with the 
colors R, G, and B respectively are formed or arranged, 
and that each color is controlled independently Howev- 
er, in the case where a single color is fixedly used as a 
reference, (the number of colors -1) electronic volume 
circuits are formed or arranged. 

[0535] Referring to Figure 76, there is shown a con- 
structional arrangement in which resistance elements 
651 are formed or arranged for independent control of 
the reference current of the three primary colors R, G, 
and B. It is needless to say that the resistance element 
651 is replaced by an electronic volume circuit. The ba- 
sic current sources such as the parent and child current 
sources 631 and 632 are arrayed in a region shown in 
Figure 76 in close proximity with the current output cir- 
cuits 704. Such dense arrangement reduces output var- 
iation between each source signal line 1 8. The arrange- 
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ment that the current output circuit 704 is arranged cen- 
trally in the IC chip (circuit) 14 (see Figure 76) facilitates 
equal distribution of the current from the current sources 
631 and 632 to either side of the IC chip (circuit) 14. 
Accordingly, lateral output variations are unlikely to oc- 
cur. 

[0536] However, the arrangement that the current out- 
put circuit 704 is situated in the middle should not in any 
way be deemed restrictive. For example, the current 
output circuit 704 may be formed at one end or both 
ends of the IC chip. In addition, the current output circuit 
704 may be formed in parallel with an output-stage cir- 
cuit. 

[0537] The current output circuit 704 is formed (ar- 
ranged) for each of the colors R, G, and B and, in addi- 
tion, these current output circuits 704R, 704G, 704B for 
the colors R, G, and B are also arranged in close prox- 
imity with each other. In addition, with respect to each 
color (R, G, and B), a reference current INL of the low 
current region shown in Figure 73 is adjusted and a ref- 
erence current INH of the high current region shown in 
Figure 74 is adjusted (see also Figure 79). More specif- 
ically, a volume circuit (or an voltage or current output 
electronic volume circuit) 651 RL for the adjustment of 
the reference current INL of the low current region, and 
a volume circuit (or an voltage or current output elec- 
tronic volume circuit) 651 RH for the adjustment of the 
reference current INH of the high current region are ar- 
ranged in the current output circuit 704R for the color R. 
Likewise, a volume circuit (or an voltage or current out- 
put electronic volume circuit) 651 GL for the adjustment 
of the reference current INL of the low current region, 
and a volume circuit (or an voltage or current output 
electronic volume circuit) 651 GH for the adjustment of 
the reference current INH of the high current region are 
arranged in the current output circuit 704G for the color 
G. Furthermore, a volume circuit (or an voltage or cur- 
rent output electronic volume circuit) 651 BL for the ad- 
justment of the reference current INL of the low current 
region, and a volume circuit (or an voltage or current 
output electronic volume circuit) 651 BH for the adjust- 
ment of the reference current INH of the high current 
region are arranged in the current output circuit 704B 
for the color B. 

[0538] Preferably, the volume circuit 651 is so config- 
ured as to undergo a variation depending on tempera- 
ture for compensation for the temperature characteris- 
tics of the EL elemental device 15. In addition, if there 
are two or more bending points in the gamma charac- 
teristic shown in Figure 79, three or more electronic vol- 
ume circuits (or resistors) for the adjustment of the ref- 
erence current of each of the colors R, G, and B, need- 
less to say, may be provided. 

[0539] An output pad 761 is either formed or arranged 
at the output terminal of the IC chip. This output pad and 
the source signal line 18 of the display panel are con- 
nected together. A bump (which is a projected portion) 
is formed in the output pad 761 by a plating technique 



or a nail head bonder technique. The bump has a height 
of not less than 1 0 nor more than 40 |um. 
[0540] The aforesaid bump and each of the source 
signal lines 18 are connected together electrically 
5 through an electric conductive junction layer (not 
shown). The electric conductive junction layer is made 
of either a mixture of a base resin as an adhesive agent 
(e.g., an epoxy adhesive agent, a phenol adhesive 
agent et cetera) and flakes of silver (Ag), gold (Au), nick- 
el (Ni), carbon (C), and tin oxide (Sn0 2 ), or a UV cure 
resin. The electric conductive junction layer is formed 
on the bump by a transfer technique or other technique. 
In addition, the bump and the source signal line 18 are 
bonded together by thermo compression. The method 
of establishing connections between the bump or the 
output pad and the source signal line 1 8 is not limited to 
the above-described techniques. Film carrier technolo- 
gy may be used without mounting the IC 1 4 on the array 
substrate. In addition, connection with the source signal 
line 1 8 may be made by the use of a polyimide film. 
[0541] Referring to Figure 69, the input 4-bit data (Dl) 
for current value control is decoded in a 4-bit decoder 
circuit 692. If it is required that the division count be 64, 
thenthe input current value control data (Dl) is, needless 
to say, comprised of 6 bits. Here, for the sake of simpli- 
fication, a "4-bit" example will be described. Its output is 
pulled up from a voltage value of the logic level to a volt- 
age value of the analog level by a level shifter circuit 693 
and is fed to an analog switch 641 . 
[0542] A main constructional section of the electronic 
volume circuit is made up of a fixed resistor R0691 a and 
1 6 unit resistors r691 b. The output of the decoder circuit 
692 is connected to any one of the 1 6 analog switches 
641 , and it is configured such that the resistance value 
of the electronic volume circuit is determined by the out- 
put of the decoder circuit 692. Stated another way, for 
example, if the output of the decoder circuit 692 is 4, 
then the resistance value of the electronic volume circuit 
is: R0 + 5r. The resistance of the electronic volume cir- 
cuit is a load to the first-stage current source 631 and is 
pulled up to the analog power supply AVdd. Therefore, 
when the resistance value of the electronic volume cir- 
cuit undergoes a variation, the current value of the first- 
stage current source 631 varies. As a result, the current 
value of the second-stage current source 632 varies. 
Consequently, the current value of the third-stage cur- 
rent source 633 also varies. In this way, the output cur- 
rent of the driver IC is controlled. 
[0543] For the sake of descriptive convenience, the 
current value control data is comprised of four bits; how- 
ever, this arrangementshould not in anyway be deemed 
restrictive. Needless to say that, as the number of bits 
making up the current value control date increases, the 
number of variable current values increases. In addition, 
the description has been made in terms of the 3-stage 
current mirror circuitry as the multi-stage current mirror 
circuitry, which should not in anyway be deemed restric- 
tive. The number of stages may be selected at random. 
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[0544] Furthermore, to deal with the problem that the 
light emitting brightness of the EL elemental device var- 
ies when temperature varies, preferably an external re- 
sistor 691 a whose resistance value varies with temper- 
ature is provided as an electronic volume circuit config- 5 
uration. For example, a thermistor, posistor, or other 
thermally sensitive resistor may be used as the external 
resistor the resistance of which varies with temperature. 
Generally, an EL elemental device, whose brightness 
varies with current flowing therethrough, has tempera- 10 
ture properties, and its light emitting brightness varies 
with temperature, even when a current of the same val- 
ue flows. Tb deal with this, the resistor 691a whose re- 
sistance value varies with temperature is added to the 
electronic volume circuit, thereby making it possible to 15 
cause the current value of the constant current output 
to vary with temperature. As a result, even when tem- 
perature varies, it is possible to keep the light emitting 
brightness constant. 

[0545] Preferably, the forgoing multi-stage current 20 
mirror circuit is divided into three systems for each of 
the colors red (R), for green (G), and for blue (B). Gen- 
erally, a light emitting elemental device of the current 
driven type, such as an organic EL elemental device, 
has a respective luminescent characteristic for each of 25 
the colors R, G, and B. Therefore, in order for the colors 
R, G, and B to have the same brightness, it is necessary 
to perform separate control of the value of a current flow- 
ing through the light emitting elemental device with re- 
spect to each of the colors R, G, and B. In addition, in a 30 
light emitting elemental device of the current driven type 
such as an organic EL display panel, there is the differ- 
ence in temperature characteristic among the colors R, 
G, and B. Accordingly, it is necessary to control the char- 
acteristics of an external auxiliary elemental device such 35 
as a thermistor which is formed or arranged for correc- 
tion of the temperature characteristic of each of the 
colors R, G, and B. 

[0546] In the present invention, since the multi-stage 
current mirror circuit is divided into three systems for 40 
each of the colors R, G, and B, this arrangement makes 
it possible to perform luminescent and temperature 
characteristic control for each of the colors R, G, and B 
to obtain an optimum white balance. 

[0547] As previously described, in the current driven 45 
method, the current to be written into a pixel is small at 
the black display time. Because of this, if there exists a 
parasitic capacitance in the source signal line 1 8 or the 
like, this produces the problem that a sufficient current 
cannot be written into the pixel 16 for one horizontal 50 
scanning period (1 H). In a typical light emitting elemen- 
tal device of the current driven type, the black-level cur- 
rent value is weak (about several nA), so that it is difficult 
to drive a parasitic capacitance (wiring load capaci- 
tance) which seems to be about several tens of pF at its 55 
signal value. An effective way of solving this problem is 
as follows. That is, prior to the writing of image data to 
the source signal line 1 8, a pre-charge voltage is applied 



so that the level of potential of the source signal line 1 8 
is at that of the black display current of the TFT 1 1 a (ba- 
sically, the TFT is in the OFF state). The outputting of a 
black-level constant voltage by decoding high-order bits 
of the image data is an effective way to form or produce 
such a pre-charge voltage. 

[0548] Referring to Figure 70; there is shown an ex- 
ample of the source driver (IC) 14 of the current output 
type of the present invention which has a pre-charge 
function. Figure 70 illustrates an example in which a 
6-bit constant current output circuit is provided, at its 
output stage, with a pre-charge function. Referring to 
Figure 70, the precharge control signal is configured 
such that, in the case where three high-order bits D3, 
D4, D5 of the image data D0-D5 are all zero, the NOR 
circuit 702 decodes them and the AND circuit 703 ANDs 
an output from the NOR circuit 702 and an output from 
the counter circuit 701 of the dot clock CLK having a 
reset function by the horizontal synchronization signal 
HD, for outputting a black-level voltage Vp for a prede- 
termined period of time. In other cases, a current out- 
putted from the current output stage 704 (one described 
in Figure 68) is applied to the source signal line 1 8 (the 
program current Iw is absorbed from the source signal 
line 1 8). By virtue of such a configuration, when the im- 
age data is between the zeroth gray scale and the sev- 
enth gray scale, i.e., in proximity to the black level, a 
voltage corresponding to the black level is written only 
for a first certain period of the one horizontal period. As 
a result, the load of current driving is reduced, thereby 
making it possible to make compensation for lack of cur- 
rent writing. In addition, the complete black display is 
the zeroth gray scale while the complete white display 
is the sixty-third gray scale (for the 64-gray-scale dis- 
play). 

[0549] The gray scale for precharging should be lim- 
ited to the black display region. In other words, write im- 
age data is judged, and a black region gray scale (low 
brightness, in other words a write current is small (very 
small) in the current driven method) is selected and pre- 
charging (selective precharging) is carried out. If pre- 
charging is performed on data of all the gray scales, this 
now causes the drop in brightness in the white display 
region, in other words it is impossible to attain a target 
brightness. Besides, vertical stripes will be displayed in 
the image. 

[0550] Preferably, selective precharging is carried out 
at from the zeroth gray scale to the 1 /8 region gray scale 
of the gray scale data (for example, for the case of 64 
gray scales, precharging is carried out for image data of 
from the zeroth to the seventh gray scale before writing 
the image data). Furthermore, preferably selective pre- 
charging is carried out at from the zeroth gray scale to 
the 1/16 region gray scale of the gray scale data (for 
example, for the case of 64 gray scales, precharging is 
carried out for image data of from the zeroth to the third 
gray scale before writing the image data). 
[0551 ] In order to increase contrast particularly during 
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the black display time, a method, in which only the gray 
scale 0 is detected and precharging is carried out, is ef- 
fective. This makes black display extremely excellent. 
However, the problem is that, when the entire screen 
looks like "black floating" for the gray scales 1 and 2. 5 
Accordingly, selective precharging is carried out for the 
grayscale 0 to the 1/8 region gray scale of the grayscale 
data in a given range. 

[0552] It is effective that the colors R, G, and B differ 
from each other in precharge voltage and gray scale 10 
range. This is because the EL display elemental device 
15 has a respective light emission start voltage and a 
respective light emission brightness for each of the 
colors R, G, and B. For example, for the case of the color 
R, at from the gray scale 0 to the 1/8 region gray scale 15 
of the gray scale data, selective precharging is carried 
out (for example, for the case of the 64-gray-scale dis- 
play, precharging is carried out for image data of from 
the (01 )th to the seventh gray scales before writing the 
image data. For the case of the other colors (i.e., the 20 
colors G and B), at from the gray scale 0 to the 1/16 
region gray scale of the gray scale data, control such as 
selective precharging is carried out (for example, for the 
case of the 64-gray-scale display, precharging is carried 
out for image data of from the zeroth to the third gray 25 
scales before writing the image data). In addition, for the 
case of the color R, a precharge voltage of 7 (V) is writ- 
ten to the source signal line 1 8, while on the other hand 
for the case of each of the colors G and B, a precharge 
voltage of 7.5 (V) is written to the source signal line 1 8. 30 
Optimum precharge voltage varies from an EL display 
panel manufacture lot to another. Accordingly, it is pref- 
erable to employ such a configuration that the precharge 
voltage is adjustable by an external electronic volume 
circuit or the like. Such a type of adjustment circuit is 35 
easily realized by the use of an electronic volume circuit. 
[0553] Preferably it is arranged such that five different 
modes (i.e., a zeroth mode in which no precharging is 
carried out at all, afirst mode in which only the gray scale 
0 is subjected to precharging, a second mode in which 40 
precharging is carried out in the range of from the gray 
scale 0 to the gray scale 3, a third mode in which pre- 
charging is carried out in the range of from the gray scale 
0 to the gray scale 7, and a fourth mode in which pre- 
charging is carried out in the full gray scale range) are 45 
set, and that switching among these modes is estab- 
lished by a command. This can be realized easily by 
configuring (designing) a logic circuit in the source driver 
(IC) 14. 

[0554] Referring to Figure 75, there is shown a con- 50 
structional arrangement of an embodiment of aselective 
precharge circuit section. PV is an input terminal to 
which a precharge voltage is applied. A respective pre- 
charge voltage is set for each of the colors R, G, and B 
by an external input or by an electronic volume circuit; 55 
however, this arrangement should not in any way be 
deemed restrictive. The precharge voltage may be 
made common among the colors R, G, and B. This is 



because the precharge voltage correlates with the Vt of 
the drive TFT 1 1 a of the pixel 1 6 and the pixel 1 6 is the 
same for each of the colors R, G, and B. On the contrary, 
in the case where the W/L ratio of the drive TFT 1 1 a of 
the pixel 16 is made to vary with respect to each of the 
colors R, G, and B (designed differently), it is preferable 
that the precharge voltage is adjusted in association 
with a different design. For example, as the channel 
length (L) increases, the diode characteristics of the TFT 
11a become worse, and the source-drain (SD) voltage 
increases. Consequently, it is required that the pre- 
charge voltage be set lower than the source potential 
(Vdd). 

[0555] The precharge voltage PV is applied to the an- 
alog switch 731 . It is required that the channel width (W) 
of the analog switch be not less than 1 0 jum for achieving 
a reduction in ON resistance. However, if the channel 
width (W) is excessively great, then a parasitic capaci- 
tance grows. Therefore, it should be arranged such that 
the channel width (W) does not exceed 100 jum, more 
preferably not less than 15 nor more than 60 jum. The 
above-described arrangements are applicable to the 
analog switch 731 of the switch 641 b (Figure 75) and to 
the analog switch 731 of Figure 73. 
[0556] The switch 641a is controlled by a precharge 
enable (PEN) signal, a selective precharge signal 
(PSL), and three high-order bits (H5, H4, H3) of the logic 
signal of Figure 74. The logic signal's three high-order 
bits (H5, H4, H3) are an example and it is arranged such 
that, when these three high-order bits are all "0", selec- 
tive precharging is carried out. In other words, it is con- 
figured such that, when the three low-order bits are all 
"1", gray scales from the gray scale 0 to the gray scale 
7 are selected and precharging is carried out. 
[0557] It may be fixed such that only the gray scale 0 
or a range from the gray scale 0 to the gray scale 7 is 
subjected to selective precharging. Alternatively, it may 
be arranged such that selective precharging is per- 
formed in conjunction with a low gray scale region. For 
example, selective precharging may be performed on a 
low gray scale region (a range from the gray scale 0 to 
the gray scale R1 or to the gray scale (R1-1)). Stated 
another way, when the low gray scale region is in a 
range from the gray scale 0 to the gray scale R1 , selec- 
tive precharging is performed within this range, while, 
when the low gray scale region is in a range from the 
gray scale 0 to the gray scale R2, selective precharging 
is performed in this range in conjunction therewith. This 
control method is able to provide a smaller hardware 
scale than other methods. 

[0558] Depending on the application state of the sig- 
nals, the switch 641a is subjected to ON/OFF control. 
When the switch 641a turns on, the precharge voltage 
PV is applied to the source signal line 1 8. The time, dur- 
ing which the precharge voltage PV is applied, is set by 
a separately-formed counter (not shown). This counter 
is so configured as to be set by a command. In addition, 
preferably the precharge voltage application time is set 
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to be not less than 1/100 nor more than 1/5 of one hor- 
izontal scanning period (1 H). For example, if 1 H = 1 00 
in sec, then the precharge voltage application time is not 
less than 1 nor more than 20 jll sec. More preferably, the 
precharge voltage application time is not less than 2 nor 5 
more than 10 jli sec. 

[0559] Furthermore, if the precharge voltage applica- 
tion time is varied with respect to each of the colors R, 
G, and B, this produces excellent results. For example, 
the precharge time for the color R is made longer than 10 
that of the colors G and B. This is because, in an organic 
EL elemental device or the like, materials for the colors 
R, G, and B differ in light emitting start time et cetera. In 
addition, if the precharge voltage PV application time is 
made variable by image data that is next applied to the 15 
source signal line 18, this also provides excellent re- 
sults. For example, the application time is made longer 
at the gray scale 0 (the complete black display) while it 
is made shorter at the gray scale 4 than at the gray scale 
0. In addition, setting of the application time in consid- 20 
eration of the difference between the image data applied 
1 H ahead and the image data that is applied next, also 
provides excellent results. For example, in the case 
where a current for pixel white display was written to the 
source signal line during the previous 1 H period and a 25 
current for pixel black display will be written to the source 
signal line during the next 1 H period, the precharge time 
is extended. This is because the black display current 
is very small. On the contrary, in the case where a cur- 
rent for pixel black display was written to the source sig- 30 
nal line during a previous 1H period and a current for 
pixel white display will be written to the source signal 
line during the next 1 H period, the precharge time is re- 
duced or the operation of precharging itself is brought 
into a halt (not carried out). This is because the white 35 
display current is large. 

[0560] Furthermore, it is effective that the precharge 
voltage is made to vary according to the image data that 
is applied. This is because the write current for black 
display is very small while the write current for white dis- 40 
play is large. Accordingly, the precharge voltage is in- 
creased toward the low gray scale region (with respect 
to VDD when the pixel TFT 1 1 a is formed by a P channel 
transistor) while the precharge voltage is decreased to- 
ward the high gray scale region (when the pixel TFT 11a 45 
is formed by a P channel transistor). When the program 
current open terminal (PO terminal) is at "0", the switch 
641b is placed in the OFF state, and the IL and IH ter- 
minals are disconnected from the source signal line 18 
(the lout terminal is in connection with the source signal 50 
line 1 8). Consequently, the program current Iw does not 
flow through the source signal line 1 8. The PO terminal 
is "1 " during the time in which the program current Iw is 
being applied to the source signal line 1 8, and the switch 
641 b is placed in the ON state so that the program cur- 55 
rent Iw flows through the source signal line 18. 
[0561 ] When placing the switch 641 b in the open state 
by application of "0" to the PO terminal, none of the pixel 



rows of a display region is selected. Based on the input 
data (D0-D5), the current source 634 draws in current 
at all the time from the source signal line 1 8. This current 
is a current that flows into the source signal line 1 8 from 
the Vdd terminal of a selected pixel 1 6 via the TFT 1 1 a. 
Accordingly, when none of the pixel rows are selected, 
there is no current flow route between the pixel 16 and 
the source signal line 18. The time during which none 
of the pixel rows are selected takes place between the 
time a certain pixel row is selected and the time the next 
pixel row is selected. Such a state that none of the pixels 
(pixel rows) are selected and there is no route for a cur- 
rent to flow into or flow out of the source signal line 18 
is called the "total non-selection period". 
[0562] In this state, if the IOUT terminal is in connec- 
tion with the source signal line 1 8, then a current flows 
through the unit current source 634 in the ON state. Ac- 
tually, the switch 641, controlled by the data at the 
D0-D5 terminals, turns on. As a result, electric charges 
held in the parasitic capacitance of the source signal line 
18 discharge electricity, and the potential of the source 
signal line 18 falls abruptly 

[0563] As described above, if the potential of the 
source signal line 1 8 falls, this produces a problem that 
it will take time to bring back it to the original electric 
potential level by a current that is to be written originally 
to the source signal line 18. 

[0564] In order to provide a solution to this problem, 
in the present invention the switch 641 b is placed in the 
OFF state by application of "0" to the PO terminal during 
the total non-selection period and, as a result, the IOUT 
terminal and the source signal line 1 8 are disconnected. 
Because of this, no current will flow into the current 
source 643 from the source signal line 18. Therefore, 
the source signal line 1 8 does not undergo any variation 
in potential. As can be seen, the PO terminal is so con- 
trolled as to disconnect the source signal line 18 from 
the current source, thereby achieving excellent current 
writing. 

[0565] In addition, it is effective to additionally provide 
a precharging stop function when there mixedly exist a 
white display region (i.e., a region having a constant 
brightness) and a black display region (i.e., a region hav- 
ing a brightness not more than a given value) in the 
screen, and the ratio of the area (white area) of the white 
display region and the area (black area) of the blackdis- 
play region falls in a certain range (adequate precharg- 
ing), because generation of vertical stripes occurs in the 
image in the certain range. Of course, on the contrary, 
there are cases where precharging is carried out in a 
certain range. In addition to the above-described rea- 
son, another reason is that, when an image moves, 
noise occurs in the image. The operation of adequate 
precharging can be realized easily by the counting (cal- 
culation) of pixel data corresponding to the white and 
block areas by means of an arithmetic circuit. Further- 
more, it is also effective that the operation of adequate 
precharging is made to vary with respect to each of the 
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colors R, G, and B, because the EL display elemental 
device 15 has a respective light emission start voltage 
and a respective light emission brightness for each of 
the colors R, G, and B. For example, it is arranged such 
that, for the case of the color R, precharging is stopped 
or started when the ratio of a white area having a given 
brightness and a black area having a given brightness 
is not less than 1 : 20, while on the other hand it is ar- 
ranged such that, for the case of the colors G and B, 
precharging is stopped or started when the ratio of a 
white area having a given brightness and a black area 
having a given brightness is not less than 1 : 16. In ad- 
dition, according to the experimental tests and studies, 
it is preferable that the operation of precharging is 
stopped or started when the ratio of a white area having 
a given brightness and a black area having a given 
brightness is not less than 1 :1 00 (i.e., the black area is 
not less than 1 00 times the white area), for the case of 
organic EL panels. Furthermore, preferably the opera- 
tion of precharging is stopped or started when the ratio 
of a white area having a given brightness and a black 
area having a given brightness is not less than 1 : 200 
(i.e., the black area is not less than 200 times the white 
area). 

[0566] If the drive TFT 11a of the pixel 16 is formed 
by a P channel transistor, it is required that the pre- 
charge voltage PV close to Vdd (see Figure 1) be out- 
putted from the source driver (IC) 14. However, as the 
precharge voltage PV comes to approximate to Vdd, it 
is required that the driver circuit (IC) 14 employs a high 
voltage resistance process semiconductor. Here, what 
is meant by "high voltage resistance" is the resistance 
to voltage (from 5 to 10 (V)), and if in excess of 5-V re- 
sistance, this produces the problem that the semicon- 
ductor process costs will increase. Accordingly, it be- 
comes possible to employ a very fine, low cost process 
by employing a 5-V resistance process. 
[0567] If the drive TFT 1 1 a of the pixel 1 6 has an ex- 
cellent diode characteristic and, in addition, the ON cur- 
rent for white display is secured, no problem will arise 
because the source driver 14 is also able to use such a 
5-V process if below 5 (V). However, problems will arise 
when the diode characteristic exceeds 5 (V). Especially, 
since the operation of precharging requires application 
of the precharge voltage PV close to the source voltage 
Vdd of the TFT 1 1 a, this produces a problem that the IC 
14 becomes unable to give an output. 
[0568] Figure 92 depicts a panel configuration capa- 
ble of providing a solution to the above-described prob- 
lem. Referring to Figure 92, the switch circuit 641 is 
formed on the side of an array 71 . The source driver 14 
outputs an ON/OFF signal to the switch 641. The ON/ 
OFF signal is pulled up by the level shifter circuit 693 
formed in the array 71 and turns the switch 641 on or 
off. The switch 641 and the level shifter circuit 693 are 
formed at the same time or one after another in a proc- 
ess of forming pixel TFTs. Of course, they may be 
formed separately, implemented by external circuits 



(ICs), and mounted on the array 71 . 
[0569] The ON/OFF signal is outputted from a termi- 
nal 761 a of the IC 1 4 on the basis of the previously de- 
scribed precharge conditions (see for example Figure 

5 75). Accordingly, both the precharge voltage application 
method and the drive method are, of course, applicable 
to the exemplary embodiment of Figure 92. A voltage 
(signal) that is outputted from the terminal 761a is low 
(not more than 5 (V)). The vibration amplitude of the volt- 

10 age (signal) is increased up to the ON/OFF logic level 
of the switch 641 by the level shifter circuit 693. 
[0570] As the result of the above-described arrange- 
ment, the source driver (IC) 14 becomes operationally 
sufficient by a power supply voltage in an operational 

15 voltage range capable of driving the program current Iw. 
The precharge voltage PV is no longer the problem with 
respect to the array substrate 71 whose operational volt- 
age is high. Therefore, the precharge voltage PV at the 
level of the Vdd voltage can be applied in satisfactory 

20 manner. 

[0571] If the switch circuit 641 of Figure 89 is formed 
(arranged) in the source driver (IC) 14, the resistance to 
voltage becomes a problem. For example, if the Vdd 
voltage of the pixel 16 is higher than the power supply 
25 voltage of the IC 1 4, there is a danger that a voltage that 
breaks down the IC 14 is applied to the terminal 761 of 
the IC 14. 

[0572] An exemplary embodiment capable of solving 
such a problem is a configuration shown in Figure 91. 
30 The switch circuit 641 is formed (arranged) in the array 
substrate 71 . The configuration of the switch circuit 641 
is the same as or similar to the configuration and spec- 
ifications of the one described with reference to Figure 
92. 

35 [0573] The switch 641 is arranged ahead of the output 
of the IC 1 4 and midway along the source signal line 1 8. 
When the switch 641 turns on, the current Iw for pro- 
gramming the pixel 16 flows into the source driver (IC) 
14. On the other hand, when the switch 641 turns off, 
40 the source driver (IC) 14 is disconnected from the 
source signal line 1 8. The drive method shown in Figure 
90 is executed by controlling the switch 641 . 
[0574] Like Figure 92, a voltage (signal) that is out- 
putted from the terminal 761a is low, (not more than 5 
45 (V)). The vibration amplitude of the voltage (signal) is 
increased up to the ON/OFF logic level of the switch 641 
by the level shifter circuit 693. 

[0575] As the result of the above-described arrange- 
ment, the source driver (IC) 14 becomes operationally 
50 sufficient by a power supply voltage in an operational 
voltage range capable of driving the program current Iw. 
In addition, since the switch 641 is also operated by the 
power supply voltage of the array 71 , the switch 641 will 
not undergo breakdown even when the Vdd voltage is 
55 applied to the source signal line 1 8 from the pixel 1 6. In 
addition, the source driver (IC) is not destroyed. 
[0576] Needless to say, both the switch 641 arranged 
(formed ) midway along the source signal line 1 8 (Figure 
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91) and the switch 641 for the application of the pre- 
charge voltage PV are formed (arranged) in the array 
substrate 71 (a combination of the Figure 91 configura- 
tion and the Figure 92 configuration). 
[0577] As previously described, if the drive TFT 11a 
and the selective TFTs (11b, 11c) of the pixel 1 6 (Figure 
1) are formed by P channel TFTs, this results in gener- 
ation of a punch-through voltage, because a variation in 
potential of the gate signal line 1 7a punches through the 
terminal of the capacitor 19 via the G-S capacitance 
(parasitic capacitance) of the selective TFTs (11b, 11 c). 
The voltage Vgh is used to turn the P channel transistor 
1 1 b off. Because of this, the terminal voltage of the ca- 
pacitor 1 9 is shifted slightly toward the Vdd voltage. And, 
the gate (G) terminal voltage of the transistor 11a in- 
creases, thereby providing a blacker representation. 
[0578] However, although it is possible to realize a 
completely black representation of the first gray scale, 
the second gray scale or other scale becomes difficult 
to display, or there occurs a gray scale jump from the 
first to the second gray scale and a "blackened state" 
occurs over a given gray scale range. Figure 71 shows 
a configuration capable of solving such problems. This 
configuration is characterized in that it has a function of 
augmenting the value of output current. The main pur- 
pose of providing the augmenting circuit 71 1 is to make 
compensation for the punch-through current. In addi- 
tion, even when the image data is at a black level 0, it 
is arranged such that some current (several tens of nA) 
flows and is used for black level adjustment. 
[0579] Basically, Figure 71 results from addition of an 
augmenting circuit (indicated by broken line of Figure 
71 ) to the output stage of Figure 64. Figure 71 shows a 
diagram in which three bits (K0, K1, K2) are supposed 
as a current value augmentation control signal, and by 
virtue of this 3-bit control signal it becomes possible to 
add a current value zero to seven times the current value 
of a grandchild current source, to an output current. 
[0580] The above is a basic general outline of the 
source driver (IC) 1 4 according to the present invention. 
Hereinafter, the source driver (IC) 14 of the present in- 
vention will be discussed in more detail. 
[0581] An current I (A) that flows through the EL ele- 
mental device 15 and a light emission brightness B(nt) 
are in a linear relationship. In other words, there is a 
proportional relationship between the current l(A) that 
flows in the EL elemental device 15 and the light emis- 
sion brightness B(nt). In the current driven method, one 
step (gray scale) is the current (the current source 634 
(one unit)). 

[0582] The human vision system to brightness has a 
square property. Stated another way, when varying 
along a square curved line, it is recognized that bright- 
ness seems to vary linearly. However, in the relationship 
of Figure 83, the current I (A) that flows through the EL 
elemental device 15 and the light emission brightness 
B(nt) are in proportion to each other not only in the low 
brightness region but also in the high brightness region. 



Accordingly; when varied by step, the variation in bright- 
ness for one step is great in the low gray scale area 
(black region) (there occurs a so-called "blackening"). 
Since the high gray scale area (white region) substan- 

5 tially corresponds to a linear region of the square curve, 
it is recognized that the brightness variation for one step 
seems to vary at equal intervals. As can be seen from 
the above, in the current driven method (in the case one 
step is a current step), i.e., in the source driver (IC) 14 

10 of the current driven type, the black display region be- 
comes a problem. 

[0583] To cope with this problem, in accordance with 
the present invention, the slope of the current output of 
the low gray scale region (from the gray scale 0 (corn- 
's piete black display) to the gray scale (R1 )) is made gen- 
tle, whereas the slope of the current output of the high 
gray scale region (from the gray scale (R1 ) to the max- 
imum gray scale (R)) is made sharp. In other words, in 
the low gray scale region, the amount of current that is 
20 increased per gray scale (one step) is diminished. On 
the other hand, in the high gray scale region, the amount 
of current that is increased per gray scale (one step) is 
increased. By making the amount of current that is var- 
ied perstep in one of the two gray scale regionsof Figure 
25 79 different from the amount of current that is varied per 
step in the other gray scale region, the gray scale char- 
acteristic approximates to the square curve and no 
"blackening" occurs in the low gray scale region. The 
aforesaid gray scale-current characteristic curve, as 
30 shown in Figure 79, is called the "gamma curve". 

[0584] The above-described exemplary embodiment 
uses a 2-stage current output slope (one stage for the 
low gray scale region and the other for the high gray 
scale region); however, this arrangement should not in 
35 any way be deemed restrictive. Needles to say, the 
number of stages for the current output slope can be 
three or more. However, the 2-stage current output 
slope is preferable because it can provide simple circuit- 
ry. 

40 [0585] The technical idea of the present invention is 
that, in a source driver (IC) of the current driven type or 
the like, there are plural current amounts which are in- 
creased per gray scale step. Basically, it is a circuit that 
performs gray scale representation by current output 
45 and therefore the display panel is not limited to the active 
matrix type. The display panel includes those of the sim- 
ple matrix type. 

[0586] The display brightness of a display panel of the 
current driven type such as an EL display panel varies 
50 in proportion to the amount of current applied. Accord- 
ingly, in the source driver (IC) 14 of the present inven- 
tion, the brightness of the display panel is controlled 
easily by adjusting a reference current based on a cur- 
rent flowing in a single current source (one unit). 
55 [0587] In the EL display panel, the efficiency of light 
emission varies with respect to each of the colors R, G, 
and B and, in addition, there is a deviation in color purity 
with respect to the NTS Standards. Accordingly, in order 
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to make the white balance optimum, it is required for 
adequately adjusting the RGB ratio. Such adjustment is 
carried out by adjustment of the reference current of 
each of the colors R, G, and B. For example, the R ref- 
erence current is 2 julA, the G reference current is 1.5 
juA, and the B reference current is 3.5 jliA. In addition, 
in the driver of the present invention, it is configured 
such that: the current mirror multiplying ratio of the first- 
stage current source 631 of Figure 67 is made small (for 
example, if the reference current is 1 jliA, then the cur- 
rent flowing in the transistor 632b is 1/1 00 of 1 juA, i.e., 
1 0 nA) so that the accuracy of the reference current that 
is externally controlled can be adjusted in rough man- 
ner; and the accuracy of microcurrent within the chip can 
be adjusted effectively. 

[0588] In order to realize the gamma curve of Figure 
79, the source driver of the present invention is provided 
with an adjustment circuit for the reference current of 
the low gray scale region and an adjustment circuit for 
the reference current of the high gray scale region. In 
addition, in order to achieve independent adjustment 
with respect to each of the colors R, G, and B, an ad- 
justment circuit for the reference current of the low gray 
scale region and an adjustment circuit for the reference 
current of the high gray scale region are provided for 
each of the colors R, G, and B. Of course, in the case 
where one of the colors R, G, and B is fixed and the 
white balance is adjusted by controlling of the reference 
current of the other colors, it suffices if an adjustment 
circuit for the reference current of the low gray scale re- 
gion and an adjustment circuit for the reference current 
of the high gray scale region are provided for controlling 
two colors (for example, the colors R and B when the 
color G is fixed). 

[0589] As illustrated in Figure 83, in the current driven 
method the current I flowing through the EL elemental 
device and the brightness are in a linear relationship. 
Therefore, in the white balance adjustment by RGB mix- 
ing, it suffices if the RGB reference current is controlled 
at a single given brightness point. In other words, the 
white balance can be established basically over all the 
gray scales if the white balance is adjusted by adjust- 
ment of the RGB reference current at a single given 
brightness point. 

[0590] However, some attention should be paid to the 
gamma curve shown in Figure 79. In the first place, in 
order to achieve the white balance of the colors R, G, 
and B, it is required that the position, at which the gam- 
ma curve bends (gray scale R1), be substantially the 
same for each of the colors R, G, B. In other word, the 
relative relationship of the gamma curve can be made 
identical for each of the colors R, G, and B in the current 
driven method. In addition, it is further required that the 
ratio between the low gray scale region's slope and the 
high gray scale region's slope for the colors R, G, and 
B be constant. In other words, the relative relationship 
of the gamma curve can be made identical for each of 
the colors R, G, and B in the current driven method. For 



example, in the low gray scale region an increment of 
1 0 nA (the gamma curve slope in the low gray scale re- 
gion) is made per gray scale, whereas in the high gray 
scale region an increment of 50 nA (the gamma curve 

5 slope in the high gray scale region) is made per gray 
scale. The current increment amount per gray scale in 
the high gray scale region/the current increment amount 
per gray scale in the low gray scale region, is called the 
"gamma current ratio". In the present exemplary embod- 

10 iment the gamma current ratio: 50 nA/10 nA = 5. The 
gamma current ratio is made identical for each of the 
colors R, G, B. Stated another way, in the state in which 
the current flowing in the EL elemental device 15 is ad- 
justed, with the gamma current ratio made identical for 

15 each of the colors R, G, and B. 

[0591] Referring to Figure 80, there is shown an ex- 
ample of the gamma curve. In Figure 80(a), the increase 
in current per gray scale is great both in the low gray 
scale area and in the high gray scale area. In Figure 80 

20 (b), the increase in current per gray scale is less both in 
the low gray scale area and in the high gray scale area, 
in comparison with Figure 80(a). But in Figures 80(a) 
and (b), the gamma current ratio is the same. The gam- 
ma current ratio is adjusted while it is maintained iden- 

25 tical for each of the colors R, G, B, so that it suffices if 
a constant current circuit for generating a reference cur- 
rent which is supplied to the low gray scale area and a 
constant current circuit for generating a reference cur- 
rent which is supplied to the high gray scale are formed 

30 for each color, and if a current adjusting volume circuit 
for causing these currents to flow is fabricated (ar- 
ranged). 

[0592] Referring to Figure 77, there is shown a circuit 
configuration capable of making the output current var- 

35 iable while at the same time maintaining the gamma cur- 
rent ratio. While maintaining the gamma current ratio be- 
tween a reference current source 771 Lof the low current 
region and a reference current source 771 H of the high 
current region by means of a current control circuit 772, 

40 the current flowing through a current source 633L and 
the current flowing through a current source 633H are 
made to vary. 

[0593] In addition, as shown in Figure 78, it is prefer- 
able that the relative temperature of the display panel is 

45 detected by a temperature detecting circuit 781 formed 
in the IC chip (circuit) 14. This is because the EL ele- 
mental device exhibits a respective temperature prop- 
erty for each of the RGB constituting materials. This 
temperature detection makes utilization of the fact that 

50 the junction state of a bipolar transistor varies with tem- 
perature and the output current varies with temperature. 
Temperatures detected are fed back to temperature 
control circuits 782 arranged (formed) for each color, for 
temperature compensation by associated current con- 

55 trol circuits 772. 

[0594] Based on the review by the inventors of the 
present invention, preferably the gamma ratio is not less 
than 3 nor more than 10. More preferably, the gamma 
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ratio is not less than 4 nor more than 8. It is particularly 
preferable that the gamma current ratio is not less than 
5 nor more than 7. This is called a "first relationship". 
[0595] Furthermore, it is preferable that the point of 
change between the low gray scale area and the high 5 
gray scale area (the gray scale R1 of Figure 79) is set 
not less than 1/32 nor more than 1/4 of the maximum 
gray scale number K (for example, if the maximum gray 
scale number K is 6-bit 64 gray scales, not less than 
(64/32 = the second gray scale) nor more than (64/4 = 10 
the sixteenth gray scale)). More preferably, it is prefer- 
able that the point of change between the low gray scale 
area and the high gray scale area (the gray scale R1 of 
Figure 79) is set not less than 1/1 6 nor more than 1 1 A of 
the maximum gray scale number K (for example, if the 15 
maximum gray scale number K is 6-bit 64 gray scales, 
not less than (64/14 = the fourth gray scale) nor more 
than (64/4 = the sixteenth gray scale)). Much more pref- 
erably, it is preferable that the point of change is set not 
less than 1/1 0 nor more than 1/5 of the maximum gray 20 
scale number K (if a calculation includes fractions below 
decimal point, they are subjected to round-off). For ex- 
ample, if the maximum gray scale number K is 6-bit 64 
gray scales, the change point is set not less than (64/1 0 
= the sixth gray scale) nor more than (64/5 = the twelfth 25 
gray scale)). The above-described relationship is called 
a "second relationship". The forgoing description is a 
gamma current ratio relationship between the two cur- 
rent regions. However, the second relationship is ap- 
plied also to the case where there is a gamma current 30 
ratio relationship among three or more current regions 
(in other words, there are two or more bending points). 
Stated another way, it suffices if a relationship for any 
two slopes is applied to three or more slopes. 
[0596] Excellent image representation free from 35 
"blackening" is realized by satisfying the first relation- 
ship simultaneously with the second relationship. 
[0597] Referring to Figure 82, there is shown an ex- 
emplary embodiment making use of a plurality of source 
drivers (IC) 14 of the current driven type of the present 40 
invention in a single display panel. The source driver 1 4 
of the present invention is provided with a slave/master 
(S/M) terminal on the assumption that a plurality of driver 
ICs 14 are used. When the S/M terminal is brought to 
HIGH level, the IC 14 operates as a master chip and 45 
outputs a reference current from a reference current out- 
put terminal (not shown). This current becomes a cur- 
rent that flows through INL and INH terminals (Figures 
73 and 74) of the slave ICs 14 (14a, 14c). By bringing 
the S/M terminal to LOW level, the IC 14 operates as a 50 
slave chip and receives a master chip reference current 
from a reference current inputterminal (notshown). This 
current becomes a current that flows through the INL 
and INH terminals (Figures 73 and 74). 
[0598] With respect to the reference current which is 55 
transferred between the reference current inputterminal 
and the reference current output terminal, there are two 
systems for the low and high gray scale regions for each 



of the colors. Accordingly, for the three colors (R, G, and 
B), there are 6 (3 x 2) systems. In the exemplary em- 
bodiment each color is assigned two systems; however, 
this arrangement should not in any way be deemed re- 
strictive. For example, each color may be assigned 
three or more systems. 

[0599] In the current driven method of the present in- 
vention, it is configured such that the bending point (for 
example the gray scale R1 ) can be changed, as shown 
in Figure 81. In Figure 81(a), the low gray scale area 
and the high gray scale area are changed at the gray 
scale R1 , and switching between the low gray scale area 
and the high gray scale area is made at the gray scale 
R2 in Figure 81 (b). As can be seen, it is arranged such 
that the bending point can be varied at a plurality of 
points. 

[0600] More specifically, the present invention is able 
to realize display of 64 gray scales. The bending point 
(R1) is nonexistent, or it is the second gray scale, the 
fourth gray scale, the eighth gray scale, and the six- 
teenth gray scale. Since the complete black represen- 
tation is the gray scale 0, the bending point is: 2, 4, 8, 
and 16. If the complete dark representation is the gray 
scale 1 , the bending point is: 3, 5, 9, 1 7, and 33. As can 
be seen, the configuration that the bending point exists 
at a position represented by a multiple of the number 2 
(alternatively, at a position represented by a value (i.e., 
(a multiple of the number 2) + 1 when the complete black 
representation is the gray scale 1), provides the effect 
of making the circuitry simple. 

[0601] Referring to Figure 73, there is shown a dia- 
gram depicting a constructional arrangement of a cur- 
rent source circuit section of the low current region. In 
addition, Figure 74 is a constructional diagram depicting 
a current source section and an augmentation current 
circuit section in the high current region. As shown in 
Figure 73, the low current source circuit section is sup- 
plied a reference current INL, and basically this current 
becomes a unit current. By the input data L0-L4, a re- 
quired number of current sources 634 are operated, 
whereby a program current IwL of the low current sec- 
tion flows as a sum of currents outputted from the oper- 
ated current sources 634. 

[0602] Furthermore, as shown in Figure 74, the high 
current source circuit section is supplied a reference 
current INH, and basically this current becomes a unit 
current. By the input data H0-L5, a required number of 
current sources 634 are operated, whereby a program 
current IwH of the low current section flows as a sum of 
currents outputted from the operated current sources 
634. 

[0603] Likewise, as shown in Figure 74, the augmen- 
tation current circuit section is supplied a reference cur- 
rent INH, and basically this current becomes a unit cur- 
rent. By the input data AK0-AK2, a required number of 
current sources 634 are operated, whereby a current 
IwK corresponding to an augmented current flows as a 
sum of currents outputted from the operated current 
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sources 634. 

[0604] The program current Iw flowing through the 
source signal line 1 8 is: Iw = IwH + IwL + IwK. The ratio 
of the current IwH and the current IwL, i.e., the gamma 
current ratio, is so set as to satisfy the previously-de- 5 
scribed first relationship. 

[0605] Referring to Figures 73 and 74, the ON/OFF 
switch 641 is composed of an analog switch 731 which 
is made up of an inverter 732, a P channel transistor, 
and an N channel transistor. By this configuration that 10 
the ON/OFF switch 641 is composed of the analog 
switch 731 which is made up of the inverter 732, the P 
channel transistor, and the N channel transistor, it be- 
comes possible to achieve a reduction in ON resistance, 
thereby making it possible to extremely reduce the drop 15 
in voltage between the current source 634 and the 
source signal line 18. 

[0606] The operation of the low current circuit section 
of Figure 73 and the operation of the high current circuit 
section of Figure 74 will be described. The source driver 20 
(IC) 14 of the present invention is composed of low cur- 
rent circuit five bits L0-L4 and high current circuit six bits 
H0-H5. Six bits, i.e., data D0-D5, are inputted from out- 
side the circuit (64 gray scales for each color). This 6-bit 
data is converted into five bits (the low current circuit 25 
sections L0-L4) and into six bits (the high current circuit 
sections H0-H5) so thatthe source signal line is supplied 
a program current Iw corresponding to the image data. 
Stated another way, the 6-bit input data is converted into 
the data composed of 5 + 6 = 11 bits. Accordingly, it is 30 
possible to form a high-accuracy gamma curve. 
[0607] As described above, the 6-bit input data is con- 
verted into the data of 5 + 6 = 1 1 bits. In accordance with 
the present invention, the number of bits of the high cur- 
rent region circuit (H) equals the number of bits of the 35 
input data (D), while on the other hand the number of 
bits of the low current region circuit (L) is: (the number 
of bits of the input data (D))-1 . It may be arranged such 
that the number of bits of the circuit in the low current 
region is: (the number of bits of the input data (D)) - 2. 40 
As a result of such arrangement, both a low current re- 
gion's gamma curve and a high current region's gamma 
curve become optimum for the display of an image on 
the EL display panel. 

[0608] Hereinafter, by making reference to Figures 45 
84-86, a control method of controlling the circuit control 
data (L0-L4) of the low current region and the circuit con- 
trol data (H0-H4) of the high current region will be de- 
scribed. 

[0609] The present invention is characterized by the 50 
operation of a current source 634a in connection with 
an L4 terminal of Figure 73. The current source 634a is 
made up of a single transistor which serves as a current 
source (one unit). It becomes easy to control (on/off con- 
trol) the program current Iw by causing the transistor to 55 
turn on and off. 

[0610] Referring to Figure 84, there are shown ap- 
plied signals to a low current side signal line (L) and ap- 



plied signals to a high current side signal line (H) when 
switching between the low current region and the high 
current region is made at the gray scale 4. Figures 84 
through 86 each show only gray scales from 0 to 18; 
however, in fact there are 64 gray scales (from 0 to 63). 
Accordingly; in each figure, representation of the gray 
scales (beyond the gray scale 1 8) is omitted. In addition, 
the switch 641 turns on at "1 " of the table and its asso- 
ciated current source 634 and the source signal line 1 8 
are brought into connection with each other. On the oth- 
er hand, at "0" of the table, the switch 641 turns off. 
[0611] In Figure 84, at the gray scale 0 (complete 
black representation), (L0-L4) = (0, 0, 0, 0, 0) and 
(H0-H5) = (0, 0, 0, 0, 0). Consequently, all the switches 
641 are placed in the OFF state. In the source signal 
line 18, the program current Iw = 0. 
[0612] At the gray scale 1 , (L0-L4) = (1,0, 0, 0, 0) and 
(H0-H5) = (0, 0, 0, 0, 0). Consequently, a single unit cur- 
rent source 634 in the low current region is brought into 
connection with the source signal line 18. None of the 
unit current sources in the high current region are 
brought into connection with the source signal line 18. 
[0613] At the gray scale 2, (L0-L4) = (0, 1,0, 0,0) and 
(H0-H5) = (0, 0, 0, 0, 0). Consequently, two single unit 
current sources 634 in the low current region are 
brought into connection with the source signal line 18. 
None of the unit current sources in the high current re- 
gion are brought into connection with the source signal 
line 18. 

[0614] At the gray scale 3, (L0-L4) = (1, 1,0, 0,0) and 
(H0-H5) = (0, 0, 0, 0, 0). Consequently, two switches in 
the low current region, i.e., the switches 641 La and 
641 Lb, turn on and three unit current sources 634 in the 
low current region are brought into connection with the 
source signal line 1 8. None of the unit current sources 
in the high current region are brought into connection 
with the source signal line 18. 

[0615] At the gray scale 4, (L0-L4) = (1 , 1 , 0, 0, 1 ) and 
(H0-H5)= (0, 0, 0, 0, 0). Consequently, three switches 
in the low current region, i.e., the switches 641 La, 
641 Lb, 641 Le, turns on and four unit current sources 
634 in the low current region are brought into connection 
with the source signal line 18. None of the unit current 
sources in the high current region are brought into con- 
nection with the source signal line 18. 
[0616] At gray scales above the gray scale 5, there 
are no variations in the low current region, i.e., (L0-L4) 
= (1 , 1 , 0, 0, 1 ). However, in the high current region, 
(H0-H5) = (1,0, 0, 0, 0). Consequently, the switch 641 Ha 
turns on. A single unit current source 641 in the high 
current region is brought into connection with the source 
signal line 18. In addition, at the gray scale 6, (H0-H5) 
= (0, 1, 0, 0, 0). Consequently, the switch 641 Hb is 
turned on and two unit current sources 641 in the high 
current region are brought into connection with the 
source signal line 18. Likewise, at the gray scale 7, 
(H0-H5) = (1, 1, 0, 0, 0). Consequently, two switches, i. 
e., the switch 641 Ha and the switch 641 Hb, are turned 
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on and three unit current sources 641 in the high current 
region are brought into connection with the source sig- 
nal line 18. In addition, at the gray scale 8, (H0-H5) = 
(0, 0, 1,0, 0). Consequently, a single switch, i.e., the 
switch 641 He, is turned on and four unit current sources 
641 in the high current region are brought into connec- 
tion with the source signal line 1 8. After that, the switch- 
es 641 are turned on and off one after another, as shown 
in Figure 84, and the program current Iw is supplied to 
the source signal line 18. 

[0617] The above-described operation is character- 
ized in that the control bit (L) of the low current region 
does not undergo a variation beyond the bending point. 
The bending point is a point of switching between the 
low current region and the high current region. However, 
to be more accurate, the term "switching point" is not 
adequate because a low current IwL is added as the pro- 
gram current Iw for the case of high current region gray 
scales. In addition, an augmentation current IwK is also 
added. In other words, in a gray scale of the high gray 
scale part an addition to a current of the low gray scale 
part is made, and a current according to a step (gray 
scale) of the high gray scale part becomes the program 
current Iw. Tb sum up, the bending point should be de- 
fined as either a point or a position at which the current 
undergoes a variation (one step gray scale). The oper- 
ation is further characterized in that, at that time, the L4 
terminal of Figure 73 becomes "1 ", and the switch 641 e 
is turned on, and there is flow of a current in the transis- 
tor 634a. 

[0618] Accordingly, at the gray scale 4 of Figure 84, 
four unit transistors (current sources) 634 of the low gray 
scale part are operated. And, at the gray scale 5, four 
unit transistors (current sources) 634 of the low gray 
scale part are operated while at the same time a single 
transistor (current source) 634 of the high gray scale 
part is operated. In the same manner as above, at the 
gray scale 6, four unit transistors (current sources) of 
the low gray scale part are operated while at the same 
time two transistors (current sources) 634 of the high 
gray scale part are operated. To sum up, at gray scales 
above the gray scale 5 which is a bending point, a cor- 
responding number of unit transistors (current sources) 
634 of the low gray scale part to the gray scale (in this 
case, four unit transistors of the low gray scale part) are 
turned on and, in addition, a corresponding number of 
transistors (current sources) 634 of the high gray scale 
part to the gray scale are turned on one after another. 
[061 9] It is accordingly understandable that a transis- 
tor 634a of the L4 terminal of Figure 73 operates effec- 
tively. In absence of this transistor 643a, a single tran- 
sistor 634 of the high gray scale part is turned on after 
the gray scale 3. Because of this, the switching point is 
not multipliers (for example, 4, 8, 6, ...) of the number 2. 
The multiplier of the number 2 is a state in which only a 
single signal becomes "1 ". This facilitates determination 
of the condition that the signal line assigned a weight of 
2 becomes "1". This accordingly makes it possible to 



reduce the scale of hardware for condition judgment. In 
other words, IC chip logic circuitry can be simplified, as 
a result of which it becomes possible to design ICs hav- 
ing smaller chip areas (it is possible to reduce costs). 
5 [0620] Figure 85 is an explanatory diagram of applied 
signals to a low current side signal line (L) and applied 
signals to a high current side signal line (H) when switch- 
ing between the low current region and the high current 
region is made at the gray scale 8. 
10 [0621] Like Figure 84, at the gray scale 0 (complete 
black representation), (L0-L4) = (0, 0, 0, 0, 0) and 
(H0-H5) = (0, 0, 0, 0, 0) in Figure 85. Consequently, all 
the switches 641 are placed in the OFF state. In the 
source signal line 18, the program current Iw = 0. 
15 [0622] At the gray scale 1 , (L0-L4) = (1,0, 0, 0, 0) and 
(H0-H5) = (0, 0, 0, 0, 0). Consequently, a single unit cur- 
rent source 634 of the low current region is in connection 
with the source signal line 18. None of the unit current 
sources in the high current region are brought into con- 
20 nection with the source signal line 1 8. 

[0623] At the gray scale 2, (L0-L4) = (0, 1 , 0, 0, 0) and 
(H0-H5) = (0, 0, 0, 0, 0). Consequently, two unit current 
sources 634 of the low current region are in connection 
with the source signal line 18. None of the unit current 
25 sources in the high current region are brought into con- 
nection with the source signal line 18. 
[0624] At the gray scale 3, (L0-L4) = (1,1,0,0,0) and 
(H0-H5) = (0, 0, 0, 0, 0). Consequently, two switches of 
the low current region, i.e., the switches 641 La and 
30 641 Lb, are turned on and three unit current sources 634 
of the low current region are in connection with the 
source signal line 1 8. None of the unit current sources 
of the high current region are brought into connection 
with the source signal line 18. 
35 [0625] At the gray scale 4, (L0-L4) = (0, 0,1,0, 0) and 
(H0-H5) = (0, 0, 0, 0, 0). At the gray scale 5, (L0-L4) = 
(1 , 0, 1 , 0, 0) and (H0-H5) = (0, 0, 0, 0, 0). At the gray 
scale 6, (L0-L4) _ (0, 1 , 1 , 0, 0) and (H0-H5 (0, 0, 0, 0, 

0) . Furthermore, at the gray scale 7, (L0-L4)= (1 , 1 , 1 , 
40 o, 0) and (H0-H5 (0, 0, 0, 0, 0). 

[0626] The gray scale 8 is a switching point (i.e., a 
bending point). At the gray scale 8, (L0-L4) = (1,1,1,0, 

1) and (H0-H5) = (0, 0, 0, 0, 0). Consequently, four 
switches of the low current region, i.e., the switches 

45 641 La, 641 Lb, 641 Lc, 641 Le, are turned on while at the 
same time eight unit current sources 634 are in connec- 
tion with the source signal line 1 8. None of the unit cur- 
rent sources of the high current region are brought into 
connection with the source signal line 18. 
50 [0627] At gray scales above the gray scale 8, there 
are no variations in the low current region, i.e., (L0-L4) 
= (1 , 1 , 1 , 0, 1). However, in the high current region, 
(H0-H5= (1 , 0, 0, 0, 0) at the gray scale 9. Consequently, 
the switch 641 Ha is turned on and a single unit current 
55 source 641 of the high current region is in connection 
with the source signal line 18. 

[0628] According to the gray scale step, the number 
of transistors 634 of the high current region increases 
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in increments of one transistor. More specifically, at the 
gray scale 10, (H0-H5) = (0, 1, 0, 0, 0). Consequently, 
the switch 641 Hb is turned on and two unit current 
sources 641 of the high current region are brought into 
connection with the source signal line 18. At the gray 
scale 11, (H0-H5) = (1, 1, 0, 0, 0). Consequently, two 
switches, i.e., the switch 641 Ha and the switch 641 Hb, 
are turned on and three unit current sources 641 of the 
high current region are brought into connection with the 
source signal line 1 8. Furthermore, at the gray scale 1 2, 
(H0-H5) = (0, 0, 1 , 0, 0). Consequently, a single switch, 
i.e., the switch 641 He, is turned on and four unit current 
sources 641 of the high current region are brought into 
connection with the source signal line 1 8. Thereafter, the 
switches 641 are turned on and off one after another as 
shown in Figure 84, and the program current Iw is sup- 
plied to the source signal line 18. 
[0629] Figure 86 is an explanatory diagram serving to 
explain applied signals to a low current side signal line 
(L) and applied signals to a high current side signal line 
(H) when switching between the low current region and 
the high current region is made at the gray scale 16. 
This case is also identical in basic operation with Figures 
84 and 85. 

[0630] At the gray scale 0 (complete black represen- 
tation), (L0-L4) = (0, 0, 0, 0, 0) and (H0-H5) = (0, 0, 0, 
0, 0), as shown in Figure 86. Consequently, all the 
switches 641 are placed in the OFF state. In the source 
signal line 1 8, the program current Iw = 0. Likewise, from 
the gray scale 1 through the gray scale 16, in the high 
current region, (H0-H5= (0, 0, 0, 0, 0). Accordingly, a 
single unit current source 634 of the low current region 
is in connection with the source signal line 18. None of 
the unit current sources of the high current region are in 
connection with the source signal line 1 8. Stated anoth- 
er way, only the (L0-L4) of the low current region will 
undergo a variation. 

[0631] At the gray scale 1 , (L0-L4) = (1,0, 0, 0, 0). At 
the gray scale 2, (L0-L4) = (0, 1, 0, 0, 0). At the gray 
scale 3, (L0-L4) = (1, 1, 0, 0, 0). At the gray scale 2, 
(L0-L4) = (0, 0, 1, 0, 0). Thereafter, counting is made 
sequentially up to the gray scale 16. More specifically, 
at the gray scale 15, (L0-L4) = (1 , 1 ,1 ,1 , 0). At the gray 
scale 1 6, (L0-L4) = (1 , 1 , 1 , 1 , 1 ). At the gray scale 1 6, 
of the bits (D0-D5 rendering a gray scale, only a single 
signal line, i.e., the fifth bit (D4), turns on, and it is pos- 
sible to decide, by judging a single data signal line (D4), 
that the data D0-D5 represent 1 6. Accordingly, it is pos- 
sible to reduce the scale of logical circuit hardware. 
[0632] The gray scale 1 6 is a switching point (a bend- 
ing position), or probably it should be said that the gray 
scale 17 is a switching point. At the gray scale 16, 
(L0-L4) = (1, 1, 1, 1, 1) and (H0-H5) = (0, 0, 0, 0, 0). 
Consequently, four switches of the low current region, i. 
e., the switches 641 La, 641 Lb, 641 Lc, 641 Ld, 641 Le, 
are turned on, and sixteen unit current sources 634 are 
in connection with the source signal line 1 8. None of the 
unit current sources of the high current region are con- 



nected to the source signal line 18. 
[0633] At gray scales above the gray scale 1 6, there 
is no variation in the low current region, i.e., (L0-L4) = 
(1, 1, 1, 0, 1). However, in the high current region, 

5 (H0-H5) = (1,0, 0, 0, 0). Consequently, the switch 641 Ha 
is turned on. A single unit current source 641 of the high 
current region is in connection with the source signal line 
18. Thereafter, in the same way as above, the number 
of transistors 634 of the high current region increases 

10 in increments of one transistor according to the gray 
scale step. Stated another way, at the gray scale 18, 
(H0-H5) = (0, 1 , 0, 0, 0), and the switch 641 Hb is turned 
on and two unit current sources 641 of the high current 
region are brought into connection with the source sig- 

15 nal line 18. In the same way, at the gray scale 19, 
(H0-H5) = (1, 1, 0, 0, 0). Consequently, two switches, i. 
e., the switches 641 Ha and 641 Hb, are turned on, and 
three unit current sources 641 of the high current sourc- 
es are brought into connection with the source signal 

20 line 1 8. Further, at the gray scale 20, (H0-H5 = (0, 0, 1 , 
0, 0). Consequently, a single switch, i.e., the switch 
641 He, is turned on, and four unit current sources 641 
of the high current sources are brought into connection 
with the source signal line 18. 

25 [0634] As has been described above, logic process- 
ing, by which a certain number of current sources (one 
unit) 634 which is a multiplier of the number 2 are turned 
on (or turned off) or connected to the source signal line 
1 8 at the switching point (bending point), becomes easy 

30 to perform. For example, as shown in Figure 84, it is 
arranged such that four current sources (one unit) 634 
are brought into operation if the bending position is the 
gray scale 4 (the number 4 is a multiplier of the number 
2). And, at gray scales above the gray scale 4, it is ar- 

35 ranged such that addition of a current source (one unit) 
634 of the high current source is made. Furthermore, as 
shown in Figure 85, it is arranged such that eight current 
sources (one unit) 634 are brought into operation if the 
bending position is the gray scale 8 (the number 8 is a 

40 multiplier of the number 2). And, at gray scales above 
the gray scale 8, it is arranged such that addition of a 
current source (one unit) 634 of the high current source 
is made. The use of the configuration of the present in- 
vention makes it possible to constitute a gamma control 

45 circuit with a small hardware structure for every gray 
scale representation in addition to the 64-g ray-scale dis- 
play (1 6-gray-scale display: 4096 colors; 256-gray- 
scale display: 16700000 colors). 
[0635] In the exemplary embodiments as described 

50 with reference to Figures 84, 85, and 86 it is designed 
such that the gray scale, at which the switching point 
lies, is a multiplier of the number 2, which is the case 
where the gray scale for complete black representation 
is 0. In the case where the gray scale for complete dark 

55 representation is 1, addition of 1 (+1) is required. How- 
ever, these are merely matters of convenience. What is 
important in the present invention is to provide a config- 
uration in which a plurality of current regions (high and 
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low current regions et cetera) are provided and the 
switching point is determined (processed) with less sig- 
nal input. The present invention adopts a technical idea 
that, if the gray scale at which the switching point lies is 
a multiplier of the number 2, this requires detection of 
only one signal line. Accordingly, the scale of hardware 
becomes extremely small. In addition, in order to facili- 
tate such processing, the current source 634a is addi- 
tionally provided. 

[0636] Accordingly, for the case of negative logic, the 
switching point lies not at the gray scales 2, 4, 8, and so 
on but at the gray scale 1 , 3, 7, 15, and so on. Further- 
more, it is arranged such that the gray scale 0 is a com- 
plete black representation state; however, this arrange- 
ment should not in any way be deemed restrictive. For 
example, for the case of the 64 gray scale display, the 
gray scale 63 is a complete black representation state 
and the gray scale 0 is a maximum white representation 
state. In this case, the switching point may be dealt with 
by opposite consideration to the above. Accordingly, 
processing from the multiplier of the number 2 becomes 
a different configuration from the foregoing configura- 
tion. 

[0637] Furthermore, the present invention is not lim- 
ited to a gamma curve with a single switching point 
(bending position). The circuit of the present invention 
can be constructed even when there exist a plurality of 
bending positions. Accordingly, it may be arranged such 
that there are provided two bending positions (for exam- 
ple, the gray scale 4 and the gray scale 16). Further- 
more, it may be arranged such that there are provided 
three or more bending positions (for example, the gray 
scale 4, the gray scale 1 6, and the gray scale 32). 
[0638] In the above-described exemplary embodi- 
ments, it is set such that the gray scale is a multiplier of 
the number 2; however, this arrangement should not in 
any way be deemed restrictive. The bending point may 
be set by for example the numbers 2 and 8 which are 
multipliers of the number 2 (2 + 8 = the tenth gray scale, 
in other words the number of signal lines required for 
judgment is two). Alternatively, the bending point may 
be set by the numbers 2, 8, and 1 6 which are multipliers 
of the number 2 (2 + 8 + 1 6 = the twenty-sixth gray scale, 
in other words the number of signal lines required for 
judgment is three). In this case, the scale of hardware 
necessary for judgment and processing is somewhat in- 
creased; however, such increase can be dealt with sat- 
isfactorily in circuitry. Besides, the above-explained ar- 
rangements are, needless to say, included in the tech- 
nical scope of the present invention. 
[0639] Referring to Figure 87, the source driver (IC) 
1 4 of the present invention comprises the current output 
circuit 704 which is made up of three sections, i.e., sec- 
tions 704a, 704b, and 704c. More specifically, the high 
current region current output circuit 704a operates in the 
high gray scale region. The low current region current 
output circuit 704b operates both in the low gray scale 
region and in the high gray scale region. The current 



augmenting current output circuit 704b outputs an aug- 
mented current. 

[0640] The high current region current output circuit 
704a and the current augmenting current output circuit 
5 704c operate on the basis of a reference current which 
is a high current generated by a reference current 
source 771 a. On the other hand, the low current region 
current output circuit 704b operates on the basis of a 
reference current which is a low current generated by a 
10 reference current source 771 b. 

[0641] As described above, the current output circuit 
704 is composed of three circuits (i.e., the high current 
region current output circuit 704a, the low current region 
current output circuit 704b, and the current augmenting 
15 current output circuit 704c); however, such arrangement 
should not in any way be deemed restrictive. Alterna- 
tively the current output circuit 704 may be made up of 
two circuits (for example the high current region output 
circuit 704a and the low current region current output 
20 circuit 704b) or may be made up of three or more cir- 
cuits. In addition, the reference current source 771 may 
be either arranged or formed in association with the cur- 
rent region current output circuit 704. Alternatively, the 
reference current source 771 may be made common to 
25 all the current region current output circuits 704. 

[0642] The current output circuit 704 responds to the 
gray scale data and the internal transistor 634 is brought 
into operation and absorbs a current from the source 
signal line 18. The transistor 634 operates in sync with 
30 the 1 -horizontal scan period (1 H) signal. In other words, 
during the period of 1 H, a current based on the associ- 
ated gray scale data is inputted (when the transistor 634 
is formed by an N channel transistor). 
[0643] On the other hand, the gate driver 1 2 basically 
35 makes sequential selection of a single gate signal line 
17a in synch with the 1H signal. Stated another way, in 
synch with the 1 H signal, the gate driver 12 selects: a 
gate signal line 1 7a(1 ) during the first 1 H period, a gate 
signal line 17a(2) during the second 1H period, a gate 
40 signal line 1 7a(3) during the third 1 H period, and a gate 
signal line 17a(4) during the fourth 1H period. 
[0644] However, a period, during which none of the 
gate signal lines 17a are selected, is set between the 
time the first gate signal line 1 7a is selected and the time 
45 the second gate signal line 17a is selected (a non-se- 
lection period; see t1 of Figure 88). The non-selection 
period is provided because the gate signal line 17a re- 
quires a rising period and a falling period and is provided 
to secure an ON/OFF control period for the TFT 11 d. 
50 [0645] If any one of the gate signal lines 17a is applied 
an ON voltage and, in addition, if the TFTs 1 1 b and 1 1 c 
are turned on, then the program current Iw flows from 
the Vdd power supply (the anode voltage) to the source 
signal line 18 via the drive TFT 11a. This program cur- 
55 rent Iw flows through the transistor 634 (period t2 of Fig- 
ure 88). The parasitic capacitance C is generated in the 
source signal line 1 8. Such parasitic capacitance is gen- 
erated by a capacitance at a cross point between the 
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gate signal line and the source signal line. 
[0646] However, during the period in which none of 
the gate signal lines 17a are selected (during the non- 
selection period (the period t1 of Figure 88)), there is no 
current pathway through the TFT 11a. The transistor 5 
634 flows a current, therefore absorbing a charge of 
electricity from the parasitic capacitance generated in 
the source signal line 18. Because of this, the potential 
of the source signal line 18 falls (part A of Figure 88). If 
the potential of the source signal line 18 drops, it will 10 
take a long time to write a current corresponding to the 
next image data. 

[0647] In order to provide a solution to this problem, 
a switch 641a is formed at an output end of a source 
terminal 761 , as shown in Figure 89. In addition, a switch 15 
641b is formed or arranged at an output stage of the 
augmenting current output circuit 704c. 
[0648] During the non-selection period t1, a control 
signal is applied to a control terminal S1 to cause the 
switch 641a to turn off. During the selection period t2, 20 
the switch 641a is placed in the ON state (conducting 
state). In the ON state, the program current Iw (= IwH + 
IwL + IwK) flows. When the switch 641a is turned off, 
the current Iw no longer flows. Therefore, the potential 
will not fall (vary) down to the level (part A of Figure 88), 25 
as shown in Figure 90. The channel width (W) of the 
analog switch 731 of the switch 641 is not less than 10 
nor more than 100 jim. In order to achieve a reduction 
in the ON resistance, it is required that the analog switch 
channel width (W) be in excess of 10 jum. However, if 30 
the channel width (W) becomes excessively great, the 
parasitic capacitance likewise increases. Therefore, 
preferably the channel width should not be more than 
100 |Lim. More preferably, the channel width (W) is not 
less than 15 nor more than 60 jam. 35 
[0649] The switch 641 b is a device for controlling only 
low gray scale representations. For the case of the low 
gray scale representation (black representation), ap- 
proximation of the gate potential of the TFT 11a of the 
pixel 16 to the voltage Vdd is required to carry out (ac- 40 
cordingly, in the black representation, approximation of 
the potential of the source signal line 18 to the voltage 
Vdd is required to perform). In addition, the program cur- 
rent Iw is low in the black representation, and once the 
potential falls (see part A of Figure 88), it will take a long 45 
time for the dropped potential to return to the normal 
potential level. 

[0650] Accordingly, for the case of the low gray scale 
representation, it is necessary to prevent the occurrence 
of the non-selection period t1 . On the other hand, for the 50 
case of the high gray scale representation, the occur- 
rence of the non-selection period t1 is not a problem in 
most cases, because the program current Iw is great. 
Therefore, in the present invention, during the writing of 
a high gray scale representation image, both the switch 55 
641 a and the switch 641 b are made to remain in the ON 
state, even during the non-selection period. In addition, 
it is required that the augmented current IwK is also dis- 



connected. This is to realize black representation as 
much as possible. On the other hand, during the writing 
of a low gray scale representation image, it is driven 
such that, during the non-selection period, the switch 
641a is turned on while the switch 641b is turned off. 
The switch 641b is controlled by a control terminal S2. 
[0651] Needless to say, it may be driven such that, 
during both the writing of a low gray scale representation 
image and the writing of a high grayscale representation 
image, the switch 641a remains in the OFF state (non- 
conducting state) while the switch 641b remains in the 
ON state (conducting state) during the non-selection pe- 
riod t1. In addition, it may be driven such that, during 
both the writing of a low gray scale representation image 
and the writing of a high gray scale representation im- 
age, both the switch 641a and the switch 641b remain 
in the OFF state (non-conducting state) during the non- 
selection period t1 . 

[0652] In both of the above cases, the switches 641 
are controlled by the control terminals S1 and S2. These 
control terminals S1 and S2 are command-controlled. 
[0653] For example, by virtue of the control terminal 
S2, it is controlled such that the period t3 is a "0" logic 
level, overlapping the non-selection period t1. By such 
control, the state, indicated by A of Figure 88, will not 
occur. Furthermore, the control terminal S1 is held at "0" 
logic level when the gray scale is above a certain black 
representation level, upon which the augmented current 
IwK is stopped, thereby achieving more darker repre- 
sentation. 

[0654] The aforesaid exemplary embodiment has 
been described on the condition that the display panel 
is provided with a single source driver 1 4. However, the 
present invention is not limited to that arrangement. It 
may be arranged such that a plurality of source drivers 
14 are mounted in a single display panel. For example, 
Figure 93 shows an exemplary embodiment of a display 
panel which is provided with three source drivers 14. 
[0655] The source driver 14 of the present invention 
is provide with at least two current systems, i.e., a low 
gray scale region reference current and a high gray 
scale region reference current, which has already been 
described in conjunction with Figure 82. 
[0656] As has already been described in conjunction 
with Figure 82, the source driver 1 4 of the current driven 
type in accordance with the present invention is provid- 
ed with a slave/master (S/M) terminal on the assumption 
that a plurality of driver ICs 14 are used. When the S/M 
terminal is brought to HIGH level, the IC 14 operates as 
a master chip and outputs a reference current from a 
reference current output terminal (not shown). Needless 
to say, the logic of the S/M terminal may be of the re- 
verse polarity. In addition, it may be switched by a com- 
mand to the source driver 14. The reference current is 
transferred along a cascade current connection line 
931 . By bringing the S/M terminal to LOW level, the IC 
14 operates as a slave chip and receives a master chip 
reference current from a reference current input terminal 
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(not shown). This current becomes a current that flows 
through the INL terminal (Figure 73) and through the 
INH terminal (Figure 74). 

[0657] The reference current is generated by the cur- 
rent output circuit 704 in the middle of the IC chip 14. 
The master chip reference current is controlled exter- 
nally by an external resistor or an electronic volume cir- 
cuit of the current division method disposed or con- 
structed in the inside of the IC, and is applied. 
[0658] In addition, a control circuit such as a com- 
mand decoder is formed or disposed in the middle of the 
IC chip 14. The reference current source is formed cen- 
trally in the chip with a view to making the distance be- 
tween the reference current generating circuit and the 
program current output terminal 761 as short as possi- 
ble. 

[0659] In the configuration of Figure 93, a reference 
current is transferred to two slave chips (14a, 14c) from 
the master chip 14b. Each slave chip receives the ref- 
erence current and, based on this current, causes par- 
ent, child, and grandchild currents to be generated. The 
reference current is transferred from the master chip 
14b to the slave chip by means of current mirror circuit 
transfer (see Figure 67). By such current transfer, there 
is no reference current deviation between a plurality of 
chips, and no screen divisional line is displayed. 
[0660] Figure 94 is a diagram which conceptually 
shows the position of reference current transfer termi- 
nals. A reference current signal line 932 is connected to 
a signal input terminal 941 i disposed centrally in the IC 
chip. A current (or a voltage; see Figure 76) which is 
supplied to the reference current signal line 932 is EL- 
material temperature compensated. In addition, com- 
pensation for the EL-material life duration deterioration 
is made. 

[0661] Each current source (631, 632, 633, 634) is 
driven in the chip 1 4, on the basis of the current (voltage) 
supplied to the reference current signal line 932. This 
reference current is outputted as a reference current to 
the slave chip, via the current mirror circuit. The refer- 
ence current to the slave chip is outputted from a termi- 
nal 941 o. At least one or more terminals 941 o are either 
disposed or formed on each side of the reference cur- 
rent generating circuit 704. Referring to Figure 94, two 
terminals 941 o are disposed (formed) on each side of 
the circuit 704. This reference current is transferred to 
the slave chip 14 through the cascade signal lines 
931 a1 , 931 a2, 931 b1 , 931 b2. The circuit may be con- 
figured such that a reference current supplied to the 
slave chip 14a is fed back to the master chip 14b for 
deviation amount correction: 

[0662] The problem arising when modularizing an or- 
ganic EL display panel is the value of the resistance of 
the routing (arrangement) of the anode interconnection 
line 951 and cathode interconnection line. The organic 
EL display panel is characterized in that, although the 
drive voltage of the EL elemental device 15 is relatively 
low, a large current flows through the EL elemental de- 



vice 1 5. Because of this, it is required for thickening the 
anode and cathode interconnection lines by which a cur- 
rent is supplied to the EL elemental device 15. For ex- 
ample, for the case of a polymer EL material, it is re- 

5 quired, even for the case of EL panels of the 2-inch 
class, for supplying a current of not less than 200 mA to 
the anode interconnection line 951 . Accordingly, in order 
to prevent the anode interconnection line 951 from un- 
dergoing a voltage drop, the resistance of the anode in- 
fo terconnection line should be reduced down to not more 
than 10 CI. However, such resistance reduction is diffi- 
cult to achieve, because in the array substrate 71 for- 
mation of interconnection lines is carried out by means 
of thin-film vapor deposition. Consequently, it is neces- 

15 saryto increase the pattern width. This however produc- 
es another problem that the width of the interconnection 
line exceeds 2 mm if a current of 200 mA is required to 
be transferred almost without a voltage drop. 
[0663] Referring now to Figure 105, there is shown a 

20 constructional arrangement of a conventional EL dis- 
play panel. Internal gate drivers 1 2a and 1 2b are formed 
(arranged) on either side of a display region 50. In ad- 
dition, a source driver 14p is also formed in the same 
process that the pixel's 16 TFT is formed. The source 

25 driver 1 4p is an internal source driver. 

[0664] Disposed on the right side of the panel is an 
anode interconnection line 951. A voltage (Vdd) is ap- 
plied to the anode interconnection line 951. The width 
of the anode interconnection line 951 is, for example, 

30 not less than 2 mm. The anode interconnection line 951 
is branched off from a lower end portion to an upper end 
portion of the screen. The branch line count is the 
number of pixel lows. For example, in the QCIF panel, 
1 76 rows x RGB = 528 branch lines. On the other hand, 

35 the source signal line 18 extends from the internal 
source driver 1 4p. The source signal line 1 8 is arranged 
(formed) extending from an upper end portion to a lower 
end portion of the screen. In addition, power supply in- 
terconnection lines 1051 of the internal gate driver 12 

40 are arranged on either side of the display. 

[0665] The picture frame on the right side of the dis- 
play panel cannot be slimmed. At present, it is important 
for display panels for use in cellular phones to have 
slimmed picture frames. Further, it is important that pic- 

45 ture frame portions on the right and left sides of the 
screen are made equal in size. However, it is too much 
for the Figure 10 configuration to achieve slim picture 
frames. 

[0666] In order to provide a solution to the above-de- 
50 scribed problem, in the display panel of the present in- 
vention, the anode interconnection line 951 is arranged 
(formed) in an underside surface area of the source driv- 
er 14 and on a surface area of the array. The source 
driver (IC) 14 is formed (fabricated) of a semiconductor 
55 chip and is mounted on the substrate 71 by a COG (chip 
on glass) technique. The anode interconnection line 951 
is allowed to be arranged (formed) under the source 
driver 1 4 because there is a space of from 1 0 to 30 jum 



71 



141 



EP 1 450 341 A1 



142 



in the underside surface of the chip 14 extending in a 
direction perpendicular to the substrate. If, as shown in 
Figure 105, the source driver 14p is formed directly to 
the array substrate 71, this causes several problems 
about the number of masks, yield ratio, noise et cetera, 5 
thereby making it difficult to form the anode interconnec- 
tion lines 951 (including a base-anode voltage line, an 
anode voltage line, a basic anode line) in a lower or up- 
per layer of the source driver 14p. 

[0667] Furthermore, as shown in Figure 106, a com- 10 
mon anode line 962 is formed, and the base anode line 
951 and the common anode line 962 are short-circuited 
by a connection anode line 961. Particularly, the point 
is that the connection anode line 961 is formed centrally 
in the IC chip. The formation of the connection anode 15 
line 961 eliminates the difference in electric potential be- 
tween the base anode line 951 and the common anode 
line 962. In addition, another point is that the anode in- 
terconnection line 952 branches off from the common 
anode line 962. By virtue of the employment of the 20 
above-described configuration, routing of the anode in- 
terconnection line 951, such as shown in Figure 105, is 
no longer required, thereby making it possible to provide 
slimmed picture frames. 

[0668] If: the common anode line 962 is 20 mm in 25 
length; the interconnection line width is 1 50 |um; and the 
interconnection line sheet resistance is 0.05 £ll\ym, then 
the resistance value is: 20000 (jum)/150 (urn) x 0.05 £1 
= about 7 CI. If both ends of the common anode line 962 
are connected to the base anode line 951 by a connec- 30 
tion anode line 961c, the common anode line 962 is 
power supplied at the both ends thereof. Accordingly, 
the apparent resistance value is: 7 £112 = 3.5 £2. In ad- 
dition, when substituted with a concentrating distribution 
multiplier, the apparent resistance value of the common 35 
anode line 962 is reduced to half (at least not more than 
2 Q). Even when the anode current is 100 mA, the drop 
in voltage in the common anode line 962 is 0.2 V or less. 
Furthermore, it is possible to almost prevent the occur- 
rence of a drop in voltage if short-circuited by a connec- 40 
tion anode line 961b provided in the middle. 
[0669] In accordance with the present invention, the 
base anode line 951 is formed underlying the IC 1 4, and 
the common anode line 962 is formed and the common 
anode line 962 is brought into electrical connection with 45 
the base anode line 951 (the connection anode line 
961 ), and the common anode line 962 branches off from 
the anode interconnection line 952. The anode line can 
be replaced with an anode line. 

[0670] Furthermore, in order that the resistance of the 50 
anode lines (the base anode line 951, the common an- 
ode line 962, the connection anode line 961 , the anode 
interconnection line 952 et cetera) may be reduced, 
electric conductive materials are placed one upon the 
other by an electroless plating, electrolytic plating or oth- 55 
er technique after formation of thin-film interconnection 
lines or prior to patterning, for achieving film thickening. 
By such film thickening, the cross sectional area of an 



interconnection line is broadened and, therefore, the in- 
terconnection line resistance is reduced. The above is 
likewise applied to the cathode lines as well as to the 
gate signal line 17 and the source signal line 18. 
[0671] Accordingly, the effect of the configuration in 
which the common anode line 962 is formed and the 
common anode line 962 is power supplied at its both 
ends by the connection anode line 961 is excellent and, 
in addition, the effect is enhanced to a further extent by 
forming a connection anode line 961 b in the middle. Fur- 
thermore, since the base anode line 951, the common 
anode line 962, and the connection anode line 961 to- 
gether form a loop, this makes it possible to suppress 
an electric field that is inputted to the IC 14. 
[0672] Preferably, the common anode line 962 and 
the base anode line 951 are formed of the same metal 
material. In addition, preferably the common anode line 
962, the base anode line 951 , and the connection anode 
line 961 are formed of the same metal material. These 
anode lines are realized by the use of an array-forming 
metal material or a configuration with a minimum resist- 
ance. Generally, they are realized by the metal material 
and the configuration (SD layer) of the source signal line 
18. An area, at which the common anode line 962 and 
the source signal line 1 8 intersect with each other, can- 
not be formed with the same material as above. Accord- 
ingly, such an area is formed of a different material (the 
same material and the same configuration as the gate 
signal line 17 (GE layer)), and is electrically insulated 
by a dielectric layer. Of course, such an anode line may 
be formed by lamination of a thin film composed of the 
constructional material of the source signal line 18 and 
a thin film composed of the constructional material of 
the gate signal line 17. 

[0673] In the above description, the interconnection 
lines (the anode and cathode interconnection lines) for 
the supplying of current to the EL elemental device are 
laid (arranged or formed) in the underside surface of the 
source driver 14; however, this arrangement should not 
in any way be deemed restrictive. For example, it may 
be arranged such that the gate driver 12 is formed by 
an IC chip and the IC chip is COG-mounted. And, anode 
interconnection lines and cathode interconnection lines 
are arranged (formed) on an underside surface of the 
gate driver IC 1 2. As described above, in the EL display 
device of the present invention, a drive IC is formed (fab- 
ricated) of a semiconductor chip. The IC is mounted di- 
rectly onto a substrate such as the anode substrate 71 . 
And, a power supply (e.g., an anode or cathode inter- 
connection line) or a ground pattern is formed (fabricat- 
ed) in a space of the underside surface of the IC. 
[0674] The above arrangements will be described in 
more detail by making reference to other drawing fig- 
ures. Figure 95 is an explanatory diagram of a part of 
the display panel according to the present invention. In 
Figure 95, the position, at which the IC chip 14 is laid, 
is indicated by dotted line. More specifically, a base an- 
ode line (an anode voltage line, i.e., an anode intercon- 
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nection line prior to branching) is formed (arranged) on 
the underside surface of the IC chip 1 4 as well as on the 
array substrate 71 . In the exemplary embodiment of the 
present invention, for the sake of simplicity, it will be de- 
scribed such that the anode interconnection line 951 is 5 
formed on the underside surface of the IC chip (12, 1 4). 
For example, instead of forming (arranging) the anode 
interconnection line 951 prior to branching, either acath- 
ode interconnection line or a cathode film may be 
formed (arranged). In addition, the power supply inter- 10 
connection line 1051 of the gate source driver 12 may 
be arranged or formed. 

[0675] A current output (current input) terminal 741 
and a connection terminal 953 formed by COG in the 
array 71 are connected to the IC chip 1 4. The connection 15 
terminal 953 is formed at one end of the source signal 
line 18. In addition, the connection terminals 953 are in 
a zigzag arrangement (953a, 953b). The connection ter- 
minal 953 is formed on the one end of the source signal 
line and a terminal electrode for checking is formed at 20 
the other end. 

[0676] In the present invention, the IC chip is a driver 
IC of the current driven type (a type in which pixels are 
programmed by current); however, this arrangement 
should not in any way be deemed restrictive. For exam- 25 
pie, the present invention is also applicable to an EL dis- 
play panel (device) on which is mounted a driver IC of 
the voltage driven type which drives a pixel of the volt- 
age program (Figures 43 and 53). 

[0677] Arranged between the connection terminals 30 
953a and 953b is the anode interconnection line 952 
(the anode interconnection line after branching). Stated 
another way, the anode interconnection line 952, 
branched off from the thick, low-resistance base anode 
line 951 , is formed between the connection terminals 35 
953 and is arranged along a row of pixels 16. Accord- 
ingly, the anode interconnection line 952 and the source 
signal line 1 8 are formed (arranged) in parallel with each 
other. By virtue of employing the above-described con- 
figuration (formation), it becomes possible to supply the 40 
Vdd voltage to each pixel without laterally routing the 
base anode line 951 in the screen (Figure 105). 
[0678] Figure 96 provides a further description. The 
difference between Figure 96 and Figure 95 is that in 
the former the anode interconnection line is not ar- 45 
ranged between the connection terminals 953 but is 
branched off from a separately-formed common anode 
line 962. The common anode line 962 and the base an- 
ode line 951 are connected together by the connection 
anode line 961. 50 
[0679] Figure 96 is a see-through diagram of the IC 
chip 14, illustrating an underside arrangement thereof. 
In the IC chip 14, the current output circuit 704 which 
outputs the program current Iw to the output terminal 
761 is arranged. Basically, the output terminals 761 and 55 
the current output circuits 704 are arranged with regu- 
larity. Formed centrally in the IC chip 1 4 is a circuit as a 
control circuit for generating a parent current source ba- 
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sic current. Because of this, no output terminal 761 is 
formed in the middle of the IC chip, the reason for which 
is that the current output circuit 704 cannot be formed 
centrally in the IC chip. 

[0680] In the present invention, the output terminal 
761 is not fabricated in a central part 704a (Figure 96) 
of the IC chip because there is no output circuit. There 
are many case examples in which a control circuit is 
formed centrally in an IC chip such as a source driver 
and no output circuit is formed. Taking this point into con- 
sideration, the IC chip of the present invention was 
made. More specifically, no output terminal 761 is 
formed (arranged) in the middle of the IC chip (even in 
the case where a control circuit and so on are formed 
centrally in the IC chip such as a source driver and no 
output circuits are formed, it is a general practice that 
an output terminal (pad) is formed in the middle as a 
dummy pad) and the common anode line 961 is formed 
at this position (however, the common anode line 961 is 
formed in the array substrate's 71 surface). The width 
of the connection anode line 961 is not less than 50 nor 
more than 1000 jum. In addition, it is set such that the 
resistance value (the maximum resistance value) with 
respect to the length is 1 00 CI or less. 
[0681] The occurrence of the drop in voltage due to 
the flow of acurrent through thecommon anode line 962 
is suppressed as low as possible by causing the base 
anode line 951 and the common anode line 962 to be 
short-circuited by the connection anode line 961 . In oth- 
er words, the connection anode line 961 which is a con- 
structional component of the present invention makes 
effective utilization of the point that there is provided no 
output circuit in the middle of the IC chip. In addition, the 
need for the provision of the output terminal 761 which 
is conventionally formed in the middle of the IC chip as 
a dummy pad, is eliminated. This prevents the IC chip 
from electrically exerting an influence when the dummy 
pad and the connection anode line 961 come to contact 
with each other. However, when the dummy pad is elec- 
trically insulated from the base substrate (chip ground) 
of the IC chip and from the other configurations, there 
is no trouble even when the dummy pad comes to con- 
tact with the connection anode line 961 . Therefore, it is 
needless to say that the dummy pad may be formed and 
remain in the middle of the IC chip. 
[0682] More specifically, the connection anode line 
961 and the common anode line 962 are formed (ar- 
ranged) in a manner as shown in Figure 99. In the first 
place, the connection anode line 961 is made up of a 
thicker portion (961 a) and a thinner portion (961 b). The 
thicker portion (961a) serves to reduce resistance. On 
the other hand, the thinner portion (961 b) serves to form 
the connection anode line 961 b between the output ter- 
minals 963 for establishing connection with the common 
anode line 962. 

[0683] Furthermore, the connection of the base an- 
ode line 951 and the common anode line 962 is short- 
circuited not only by the connection anode line 961b but 
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also by the connection anode lines 961c on either side. 
Therefore, the common anode line 962 and the base 
anode line 951 are short-circuited by these three con- 
nection anode lines 961. As a result of such arrange- 
ment, even when a heavy electric current flows through 5 
the common anode line 962, the drop in voltage is un- 
likely to occur in the common anode line 962. This is 
because the IC chip 14 usually has a width of 2 mm or 
more so that the line width of the base anode line 951 
formed under the IC 14 is made greater (low imped- 10 
ance). Since the low-impedance base anode line 951 
and the common anode line 962 are short-circuited at a 
plurality of points by the connection anode lines 961 , 
this reduces the voltage drop of the common anode line 
962. 15 
[0684] The voltage drop of the common anode line 
962 is reduced because: the base anode line 951 is ar- 
ranged (formed) under the IC chip 14; the connection 
anode line 961 is arranged (formed) by making utiliza- 
tion of right and left positions of the IC chip 14; and the 20 
connection anode line 961b is arranged (formed) cen- 
trally in the IC chip 14. 

[0685] In addition, the base anode line 951 and the 
cathode power supply line 991 (which is a base cathode 
line) are placed one upon the other through an insulating 25 
film 102, as shown in Figure 99. This laminated area 
constitutes a capacitor. Such a structure is called the 
"anode capacitor structure". This capacitor functions as 
a power supply path capacitor. Accordingly, it is possible 
to absorb an abrupt variation in current of the base an- 30 
ode line 951 . It is advisable that the capacity of the ca- 
pacitor satisfies a relation of: not more than (M/200 < C 
< M/10) where the EL display device has an S square 
mm display area and C indicates the capacity of the ca- 
pacitor (pF). Further, it is advisable that the capacity of 35 
the capacitor satisfies a relation of: not more than (M/ 
100 < C < M/20). If C is small, then it becomes difficult 
to absorb a variation in current. On the other hand, if C 
is great, then the capacitor formation area becomes too 
great, therefore being impractical. 40 
[0686] In the exemplary embodiments (for example 
Figure 99), the base anode line 951 is arranged (formed) 
underlying the IC chip 14. Needless to say, the anode 
line may be replaced with a cathode line. In addition, in 
Figure 99, the base cathode line 991 may be replaced 45 
with the base anode line 951 . The technical idea of the 
present invention is characterized in that: the driver is 
formed of a semiconductor chip; the semiconductor chip 
is mounted onto the array substrate 71 or onto a flexible 
substrate; and a power supply for the EL elemental de- 50 
vice 15 or an interconnection line for the supply of 
ground potential (current) is arranged (formed) on an 
underside surface area of the semiconductor chip. 
[0687] Accordingly, the semiconductor chip is not lim- 
ited to the source driver 14. For example, the semicon- 55 
ductor chip may be the gate driver 1 2 or a power supply 
IC. Furthermore, there is included a configuration in 
which a semiconductor chip is mounted onto a flexible 
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substrate and a power supply for the EL elemental de- 
vice 15 or a ground pattern is arranged (formed) on a 
surface of the flexible substrate as well as on an under- 
side surface of the semiconductor chip. Of course, it 
may be arranged such that both the source driver 14 
and the gate driver 12 are formed by semiconductor 
chips and are mounted onto the substrate 71 by COG. 
And, a power supply or a ground pattern may be formed 
on an underside surface of the semiconductor chip. The 
interconnection line is formed, serving as a power sup- 
ply line or a ground pattern to the EL elemental device 
1 5; however, this arrangement should not in any way be 
deemed restrictive. For example, the interconnection 
line may serve as a power supply line to the source driv- 
er 14 or as a power supply line to the gate driver 12. In 
addition, the present exemplary embodiment is not lim- 
ited to EL display devices. For example, the present ex- 
emplary embodiment is applicable to liquid crystal dis- 
play devices and to other types of display panels such 
as FED and PDP. The above-described arrangement 
are applicable in the same way to the other exemplary 
embodiments of the present invention. 
[0688] Referring now to Figure 97, there is illustrated 
another exemplary embodiment of the present inven- 
tion. The main differences between Figure 97 and Fig- 
ures 95, 96, and 99 are as follows. Contrary to the con- 
figuration of Figure 95 in which the anode interconnec- 
tion line 952 is interposed between the output terminals 
953, in the configuration of Figure 97 many thin connec- 
tion anode lines 961 d are branched off from the base 
anode interconnection line 951 and the connection an- 
ode line 961 d and the common anode line 962 are short- 
circuited. Furthermore, the thin connection anode line 
961 and the source signal line 1 8 connected to the con- 
nection terminal 953 are laminated together through the 
insulating film 102. 

[0689] Connection between the anode line 961 d and 
the base anode line 951 is established by a contact hole 
971 a, while connection between the anode interconnec- 
tion line 952 and the common anode line 962 is estab- 
lished by acontact hole 971 b. The description of the oth- 
er arrangements (the connection anode lines 961a, 
961b, 961c and anode capacitor configuration) is omit- 
ted here since they are the same as those shown in Fig- 
ures 96 and 99. 

[0690] Figure 98 is a cross sectional view taken along 
the line A-A' of Figure 99. Referring to Figure 98(a), the 
source signal line 1 8 of substantially the same width and 
the connection anode line 961 d are laminated together 
through an insulating film 102a. 

[0691 ] The film thickness of the insulating film 1 02a is 
so set as to be not less than 500 nor more than 3000 A. 
More preferably, the film thickness of the insulating film 
102a is not less than 800 nor more than 2000 A. If the 
film thickness is small, this produces unfavorable con- 
ditions, in other words the parasitic capacitance of the 
connection anode line 961 d and the source signal line 
increases and short-circuiting of the connection anode 
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line 961 d and the source signal line 1 8 is likely to occur. 
On the other hand, if the film thickness is great, it takes 
a long period of time to form an insulating film. The man- 
ufacturing time increases, thereby increasing costs. Be- 
sides, it becomes difficult to form upper interconnection 
lines. As the material used to form the insulating film 
1 02, an organic material, such as polyvinyl alcohol resin 
(PVA), epoxy resin, polypropylene resin, phenol resin, 
acrylic resin, polyimide resin et cetera, is exemplified. 
Other than that, inorganic materials such as Si0 2 and 
SiN x are exemplified. Needless to say, Al 2 0 3 or Ta 2 0 3 
may be available. In addition, as illustrated in Figure 98 
(a), the insulating film 102b is formed on the outermost 
surface for preventing the interconnection line 961 from 
undergoing corrosion and mechanical damage. 
[0692] Referring to Figure 98(b), the connection an- 
ode line 961 d having a narrower line width than that of 
the source signal line 18 is placed on the source signal 
line 1 8 through the insulating film 1 02. As a result of such 
arrangement, it becomes possible to suppress short- 
circuiting of the source signal line 1 8 and the connection 
anode line 961 d due to a step created by the source 
signal line 18. In the configuration of Figure 98(b), pref- 
erably the line width of the connection anode line 961 d 
is made narrower by 0.5 |iim or more than the line width 
of the source signal line 18. More preferably, the line 
width of the connection anode line 961 d is made nar- 
rower by 0.8 |Lim or more than the line width of the source 
signal line 18. 

[0693] In Figure 98(b), the connection anode line 
961 d having a narrower line width than that of the source 
signal line 18 is placed on the source signal line 18 
through the insulating film 102. Alternatively, it may be 
arranged such that the source signal line 18 having a 
narrower line width than that of the connection anode 
signal line 961 d is placed on the connection anode line 
961 d through the insulating film 102a, as shown in Fig- 
ure 98(c). Other matters are the same as the other ex- 
emplary embodiments and their description will be omit- 
ted accordingly. 

[0694] Figure 1 00 is a cross sectional view of a sec- 
tion of the IC chip 14. Although based basically on the 
configuration of Figure 99, the configuration of Figure 
100 can be applied in the same manner or in a similar 
manner to, for example, Figures 96 and 97. 
[0695] Figure 100(b) is a cross sectional view taken 
along the line A-A' of Figure 99. As can clearly be seen 
from Figure 100(b), the output pad 761 is not formed 
(arranged) centrally in the IC chip 14. The output pad is 
brought into connection with the source signal line 1 8 of 
the display panel. The output pad 761 is provided with 
a bump (projected portion) formed by means of a plating 
technique or nail head bonder technique. It is so set for 
the bump as to have a height of not less than 10 nor 
more than 40 |nm. Needless to say, the projected portion 
may be formed by means of a gold plating technique 
(electrolytic plating, electroless plating). 
[0696] The aforesaid projected portion and each of 



the source signal lines 1 8 are connected together elec- 
trically through an electric conductive junction layer (not 
shown). The electric conductive junction layer is made 
of either a mixture of a base resin as an adhesive agent 

5 (e.g., an epoxy adhesive agent, a phenol adhesive 
agent et cetera) and flakes of silver (Ag), gold (Au), nick- 
el (Ni), carbon (C), tin oxide (Sn0 2 ) et cetera, or a UV 
cure resin. The electric conductive junction layer (con- 
nection resin) 1 001 is formed on the bump by a transfer 

10 technique or other technique. Alternatively, the bump 
and the source signal line 18 are bonded together by 
thermo compression with the ACF resin 1001. The 
method of establishing connections between the bump 
or the output pad 761 and the source signal line 18 is 

15 not limited to the above-described techniques. In addi- 
tion, a film carrier technique may be used without mount- 
ing the IC 14 on the array substrate. In addition, con- 
nection with the source signal line 18 may be estab- 
lished by the use of a polyimide film or the like. Figure 

20 1 00(a) is a cross sectional view of a portion at which the 
source signal line 18 and the common anode line 962 
overlap each other(see Figure 98). 
[0697] The anode interconnection line 952 is 
branched off from the common anode line 962. For the 

25 case of the QCIF panel, the number of anode intercon- 
nection lines 952 is: 1 76 x RGB = 528. The Vdd voltage 
(anode voltage), as shown in Figure 1, is supplied via 
the anode interconnection line 952. An electric current 
of about 200 jliA at most flows through a single anode 

30 interconnection line, when the EL elemental device 15 
is composed of low molecular material. Consequently, 
an electric current of about 1 00 mA (200 jaA x 528) com- 
bined flows through the common anode interconnection 
line 962. 

35 [0698] Therefore, in order that the voltage drop in the 
common anode interconnection line 962 may be held 
within 0.2 (V), it is required that the resistance value of 
a maximum route through which current flows be so held 
as not to exceed 2 Q (on the condition that a electric 

40 current of 100 mA flows). In the present invention, as 
shown in Figure 99, connection anode lines 961 are 
formed in three areas. When substituted by a concen- 
trating distribution circuit, it becomes possible to easily 
design for the resistance value of the common anode 

45 line 962 to be extremely small. In addition, if a large 
number of connection anode lines 961 d are formed (see 
Figure 97), the common anode line 962 will undergo 
nearly no voltage drop. 

[0699] The problem is the influence exerted by a par- 
50 asitic capacitance (hereinafter called the "common an- 
ode parasitic capacitance) present at an overlapped 
portion of the common anode line 962 and the source 
signal line 18. Basically, in the current driven method, if 
there exists a parasitic capacitance in the source signal 
55 line 1 8 to which a current is written, this makes it difficult 
to write a black representation current. Accordingly, it is 
required that the parasitic capacitance be made as small 
as possible. 
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[0700] It is required that the common anode parasitic 
capacitance be so held as not to exceed at least 1/1 0 of 
a parasitic capacitance generated in the display region 
by a single source signal line 18 (hereinafter called the 
"display parasitic capacitance"). For example, if the dis- 5 
play parasitic capacitance is 1 0 (pF), then it is required 
for the common anode parasitic capacitance not to ex- 
ceed 1 (pF). More preferably, it is required for the com- 
mon anode parasitic capacitance not to exceed 1/20 of 
the display parasitic capacitance. In other words, if the 10 
display parasitic capacitance is 10 (pF), then it is re- 
quired for the common anode parasitic capacitance not 
to exceed 0.5 (pF). In the light of this point, the line width 
of the common anode line 962 (indicated by M'in Figure 
103) and the film thickness of the insulating film 102 (see 15 
Figure 101) are determined. 

[0701] The base anode line 951 is formed (arranged) 
under the IC chip 14. Needless to say, it is advisable 
that the line width of the base anode line 951 is made 
as thick as possible, in the light of the lowering of resist- 20 
ance. Besides, it is preferable that the base anode in- 
terconnection line 951 has a light shielding function, 
which is explained in Figure 102. If the base anode in- 
terconnection line 951 of a metal material is formed to 
a given film thickness, this, of course, provides a light 25 
shielding effect. If the base anode line 951 cannot be 
made thicker or if the base anode line 951 is formed of 
transparent material such as ITO, either a light absorb- 
ing film or a light reflecting film is formed under the IC 
chip 1 4 (basically on the surface of the array 71 ), being 30 
layered or multi-layered on the base anode line 951 . In 
addition, the light shielding film (the base anode line 
951) of Figure 102 is not necessarily a perfect light 
shielding film. The light shielding film may have an open- 
ing portion therethrough. Alternatively, the light shield- 35 
ing film may exhibit a diffractive or scattering effect. By 
lamination on the base anode line 951 , a light shielding 
composed of an optical interference multilayer is formed 
or arranged. 

[0702] Needless to say, a light reflective plate (sheet) 40 
or a light absorbing plate (sheet) formed of a metal foil, 
plate, or sheet may be disposed or inserted in a space 
defined between the array substrate 71 and the IC chip 
14. The material is not limited to the metal foil. That is 
to say, a light reflective plate (sheet) or a light absorbing 45 
plate (sheet) formed of a foil, plate, or sheet composed 
of organic or inorganic material may be disposed, insert- 
ed, or formed. Furthermore, a light absorbing material 
or light reflective material composed of gel substance 
or liquid may be filled or disposed in a space defined 50 
between the array substrate 71 and the IC chip 14. Pref- 
erably, the light absorbing material (light reflective ma- 
terial) made of gel substance or liquid is hardened by 
application of heat or light illumination. Here, for the 
sake of descriptive simplicity, the base anode line 951 55 
is described as a light shielding film (light reflecting film). 
[0703] As shown in Figure 102, the base anode line 
951 is so formed or arranged on a surface of the array 



substrate 71 as to function as a light shielding film. The 
formation area is not limited to the surface. It suffices if 
no light strikes on the under surface of the IC chip 14, 
in order to satisfy the idea that the base anode line 951 
serves as a light shielding film (light absorbing film). 
Therefore, it is needless to say that the base anode line 
951 can be formed in an interior surface or layer of the 
array substrate 71. Besides, the base anode line 951 
(which has a configuration or construction capable of 
functioning either as a light shielding film or as a light 
absorbing film) can be formed on an underside surface 
of the array substrate 71 as long as such formation (i. 
e., formation of the base anode line 951 on the under- 
side surface of the array substrate 71 ) prevents rays of 
light from striking upon the IC chip 14. 
[0704] For example, in Figure 1 02, the light shielding 
film is formed on the array substrate 71 ; however, this 
arrangement should not in any way be deemed restric- 
tive. It may be arranged such that the light shielding film 
is formed directly on the underside surface of the IC chip 
14. In this case, the insulating layer 102 (not shown) is 
formed on the underside surface of the IC chip 14 and 
either a light shielding film or a light reflecting film is 
formed on the insulating layer 102. For the case of a 
configuration in which the source driver 14 is formed di- 
rectly on the array substrate 71 (i.e., a driver construc- 
tion by low-temperature polysilicon technology, high- 
temperature polysilicon technology, solid-phase growth 
technology, or amorphous silicon technology), it suffices 
that a light shielding film, light absorbing film, or a light 
reflecting film is formed on the substrate 71 and the driv- 
er circuit 14 is formed (arranged) thereon. 
[0705] A large number of transistor elemental devices 
(the current sources 634 et cetera) through which mi- 
crocurrent flows are formed in the IC chip 14 (a circuit 
formation section 1021 of Figure 102). When rays of 
light strike upon such a transistor elemental device 
through which microcurrent flows, the photoconductor 
phenomenon occurs. As a result, the output current (the 
program current Iw), the parent current amount, and the 
child current amount each undergo a variation, thereby 
assuming abnormal values, in other words variations 
occur. Especially, for the case of a self-luminous ele- 
mental device such as an organic EL elemental device, 
strong light is emitted from areas other than the display 
region 50 because rays of light generated from the EL 
elemental device 15 are reflected diffusely in the inside 
of the substrate 71 . When the light thus reflected strikes 
upon the circuit formation section 1021 of the IC chip 
14, the photoconductor phenomenon occurs. Accord- 
ingly, measures to deal with the photoconductor phe- 
nomenon are those proper to the EL display devices. 
[0706] In order to deal with such a problem, in accord- 
ance with the present invention the base anode line 951 
is formed on the substrate 71, which serves as a light 
shielding film. It is designed such that the region, in 
which the base anode line 951 is formed, covers the cir- 
cuit formation section 1 021 , as shown in Figure 1 02. As 
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described above, by virtue of the formation of the light 
shielding film (the base anode line 951), the photocon- 
ductor phenomenon is completely prevented from oc- 
curring. Particularly, the EL power supply line such as 
the base anode interconnection line 951 undergoes 5 
some variation in potential due to a flow of current ac- 
companied with a screen rewrite. Since the amount of 
potential variation varies little by little at the timing of 1 H, 
it may be taken almost as the ground potential (which 
means that the potential does not vary). Consequently, 10 
the base anode line 951 (or the base cathode line) per- 
forms not only a light shielding function but also a shield 
effect. 

[0707] For the case of a self-luminous elemental de- 
vice such as an organic EL elemental device, strong 15 
light is emitted from the areas other than the display re- 
gion 50 because rays of light generated from the EL el- 
emental device 1 5 are reflected diffusely in the inside of 
the substrate 71. In order to avoid or suppress diffuse 
reflection of the light rays, a light absorbing film 1011 is 20 
formed in an area capable of blocking the passage of 
light effective to the display of an image (invalid region). 
The valid region includes the display region 50 and its 
neighboring areas. Alight absorbing film 1011a is 
formed on an external surface of a sealing lid 85. A light 25 
absorbing film 1 01 1 c is formed on an internal surface of 
the sealing lid 85. A light absorbing film 1 011 d is formed 
on a side surface of the substrate 70. A light absorbing 
film 1 01 1 b is formed in an area other than the substrate 
image display region. The use of the light absorbing film 30 
should not in any way be deemed restrictive. For exam- 
ple, a light absorbing sheet may be attached. Alterna- 
tively, a light absorbing wall may be provided. In addi- 
tion, the concept of "light absorption" includes a method 
or structure for diffusing rays of light by light scarring 35 
and further includes, in the broad sense, a method or 
structure for sealing in light. 

[0708] As the material of the light absorbing film, a 
substance formed of carbon-contained organic material 
(for example, carbon-contained acrylic resin), a sub- 40 
stance prepared by dispersing in an organic resin a 
black dye or pigment, and a substance prepared by dye- 
ing a gelatine or casein with a block acid colorant (like 
a color filter) may be used. In addition to these substanc- 
es, a substance prepared by subjecting a fluoran-based 45 
coloring mater which becomes black by itself to color 
development and a colored black prepared by mixing of 
a dye of the green color family with a dye of the red color 
family may be used as the material of the light absorbing 
film. In addition, a film of PrMn0 3 formed by means of 50 
sputtering and a film of phthalocyanine formed by plas- 
ma polymerization may be used as the light absorbing 
film. 

[0709] All of the above-mentioned materials are 
black; however, as the material of the light absorbing 55 
film, a material which is in a complementary color rela- 
tionship with the color of light generated by a display 
elemental device may be used. For example, it suffices 



to use a color filter light absorbing material, which has 
been so improved as to exhibit desired light absorbing 
properties. Basically, like the above-described black 
light absorbing materials, a substance obtained by dye- 
ing a natural resin with a dye may be used. In addition, 
a material prepared by dispersing in a synthetic resin a 
dye may be available. The range of dye selection is rath- 
er wider in comparison with the black dye, and an ade- 
quate one may be selected from the group consisting of 
an azo dye, an anthraquinone dye, a phthalocyanine 
dye, and a triphenyl dye, or a combination of two or more 
thereof may be used. 

[0710] Furthermore, metal materials may be used as 
the material of the light absorbing film. For example, 
sexivalent chrome is an example. Sexivalent chrome is 
black and is able to function as a light absorbing film. In 
addition, light scattering materials such as opal glass 
and titanium oxide are suitable. To sum up, light scat- 
tering is, in the outcome, equivalent to light absorption. 
[0711] The sealing lid 85 is adhered to the substrate 
71 with a sealing resin 1031 containing therein resin 
beads 1012 having a size of not less than 4 nor more 
than 15 jum. The lid 85 is arranged and fixed without 
application of pressure. 

[0712] In the exemplary embodiment of Figure 99, the 
common anode line 962 is formed (arranged) in the vi- 
cinity of the IC chip 14; however, this arrangement 
should not in any way be deemed restrictive. For exam- 
ple, as shown in Figure 103, the common anode line 
962 may be formed near the display region 50. Prefer- 
ably, the common anode line 962 is formed in proximity 
to the display region 50, because the distance between 
the source signal line 1 8 and the anode interconnection 
line 952 is short and the area, in which they are arranged 
(formed) in parallel with each other, is reduced. If the 
distance between the source signal line 1 8 and the an- 
ode interconnection line 952 is short and, in addition, 
they are arranged in parallel, this generates a parasitic 
capacitance between the source signal line 18 and the 
anode interconnection line 952. Such a problem is elim- 
inated if, as shown in Figure 103, the common anode 
line 962 is placed in the vicinity of the display region 50. 
Preferably, the distance (K) from the screen display re- 
gion 50 to the common anode line 962 does not exceed 
1 mm (see Figure 103). 

[0713] It is preferable thatthe common anode line 962 
is formed of a metal material of which the source signal 
line 1 8 is formed, in order to make the resistance of the 
common anode line 962 as low as possible. In the 
present invention, the common anode line 962 is formed 
of a thin film of Cu, a thin film of Al, a laminated structure 
of Ti/AI/Ti, or a metal material (SD metal) formed of alloy 
or amalgam. Therefore, in order to avoid the occurrence 
of short-circuiting, the area, at which the source signal 
line 18 and the common anode line 962 intersect with 
each other, is replaced with a metal material (GE metal) 
of which the gate signal line 1 7 is formed. The gate sig- 
nal line comprises a metal material having an Mo/W lam- 
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inated structure. 

[071 4] In general, the sheet resistance of the gate sig- 
nal line 17 is higher than the sheet resistance of the 
source signal line 18. This is typically practiced in the 
field of liquid crystal display devices. However, in the 
organic EL display panel of the current driven type, the 
current flowing through the source signal line 1 8 is very 
small (from 1 to 5 juA). Accordingly, even when the wiring 
resistance of the source signal line 1 8 is high, there oc- 
curs substantially no voltage drop, thereby realizing ex- 
cellent image display. In the liquid crystal display device, 
image data is written to the source signal line 1 8 by volt- 
age. Therefore, if the resistance value of the source sig- 
nal line 18 is high, the image data cannot be written to 
the source signal line 1 8 in a single horizontal scanning 
period. 

[0715] However, in the current driven method of the 
present invention, the fact that the resistance value of 
the source signal line 18 is high (in other words, the 
sheet resistance thereof is high) does not make any dif- 
ference. Accordingly, the sheet resistance of the source 
signal line 18 can be higher than the sheet resistance 
of the gate signal line 1 7. Accordingly, in the EL display 
panel of the present invention (conceptually, in the dis- 
play panel or display device of the current driven type), 
it may be arranged such that the source signal line 18 
is fabricated (formed) of aGE metal while the gate signal 
line 1 7 is fabricated (formed) of an SD metal (in contrast 
to the liquid crystal display panel), as shown in Figure 
104. 

[0716] Figure 107 shows a constructional arrange- 
ment in which, in addition to the arrangement shown in 
Figures 99 and 1 03, a power supply interconnection line 
1051 for driving the gate driver 12 is laid. This power 
supply interconnection line 1051 is routed, in the panel 
display region 50, to the right-hand end, to the lower 
side, and to the left-hand end. Stated another way, the 
gate driver 12a and the gate driver 12b use the same 
power supply. 

[071 7] However, preferably the gate driver 1 2a which 
selects a gate signal line 17a which controls the TFTs 
11b and 11c, and the gate driver 12b which selects a 
gate signal line 1 7b which controls the TFT 1 1 d and the 
current flowing through the EL elemental device 1 5 differ 
in power supply voltage from each other. Particularly, it 
is preferable that the amplitude of vibration of the gate 
signal line 17a (ON voltage - OFF voltage) is made as 
small as possible, because, as the amplitude of vibration 
of the gate signal line 1 7a decreases, the punch-through 
voltage to the capacitor 19 of the pixel 16 likewise de- 
creases (see for example Figure 1). On the other hand, 
since the gate signal line 17b has to control the EL ele- 
mental device 15, its vibration amplitude cannot be re- 
duced. 

[0718] Accordingly, as shown in Figure 108, voltages 
that are applied to the gate driver 12a are Vha (the OFF 
voltage of the gate signal line 1 7a) and Via (the ON volt- 
age of the gate signal line 1 7a), while voltages that are 



applied the gate driver 12a are Vhb (the OFF voltage of 
the gate signal line 1 7b) and Via (the ON voltage of the 
gate signal line 17b). Here, there is a relation of Via < 
Vlb. It may be arranged such that Vha substantially 

5 equals Vhb. 

[0719] The gate driver 12 is usually made up of an N 
channel transistor and a P channel transistor. However, 
preferably the gate driver 12 is formed using only P 
channel transistors, because the number of masks re- 

10 quired for preparing an array is decreased and improve- 
ments in manufacture yield ratio and throughput are ex- 
pected. Therefore, as shown in Figures 1 and 2, the TFT 
constituting the pixel 16 is a P channel transistor and 
the gate driver 12 is also formed or constructed of a P 

15 channel transistor. When the gate driver is formed by N 
and P channel transistors, the number of masks re- 
quired is ten, while on the other hand, if formed using 
only P channel transistors, the number of masks re- 
quired can be reduced to five. 

20 [0720] However, if the gate driver 12 is formed using 
only P channel transistors, this makes it impossible to 
form a level shifter circuit in the array substrate 71 , be- 
cause the level shifter circuit is made up of N and P 
channel transistors. 

25 [0721 ] To deal with this problem, in the present inven- 
tion, a power supply IC 1091 contains therein a level 
shifter circuit function, an example of which is illustrated 
in Figure 1 09. The power supply IC 1 091 generates the 
drive voltage of the gate driver 12, the anode and cath- 

30 ode voltages of the EL elemental device 15, and the 
drive voltage of the source driver 14. 
[0722] In order for the power supply IC 1091 to gen- 
erate the anode and cathode voltages of the EL elemen- 
tal device 15 of the gate driver 12, it is required that a 

35 semiconductor process capable of withstanding high 
pressure be used. When withstanding such high pres- 
sure, a level shift to the voltage of a signal driven by the 
gate driver 12 can be made. 

[0723] Accordingly, level shifting and driving of the 
40 gate driver 12 are executed by the constructional ar- 
rangement of Figure 1 09. Input data (image data, com- 
mand, control data) 992 is fed to the source driver 14. 
The input data includes control data for the gate driver 
12. The withstanding voltage (operational voltage) of the 
45 source driver 14 is 5 (V). On the other hand, the opera- 
tional voltage of the gate driver 12 is 5 (V). The signal 
which is outputted from the source driver 14 to the gate 
driver 12 has to be level shifted from 5 to 15 (V). This 
level shifting operation is carried out by the power supply 
50 circuit (IC) 1 091 . In Figure 1 09, the data signal for con- 
trolling the gate driver 12 is a power supply IC control 
signal 1092. 

[0724] The input data signal 1092 for controlling the 
gate driver 12 is level shifted by a level shifter circuit 
55 built in the power supply circuit 1 091 , and the signal thus 
level shifted is outputted as a gate driver control signal 
1093 for controlling the gate driver 12. 
[0725] Hereinafter, the gate driver 12 of the present 
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invention contained in the substrate 71 and comprising 
only P channel transistors will be described. As previ- 
ously described, it becomes possible to reduce the 
number of masks required for array formation, to 
achieve improvements in manufacture yield ratio, and 5 
to achieve improvements in throughput by forming the 
pixel 1 6 and the gate driver 1 2 by the use of only P chan- 
nel transistors, in other words, transistors that are 
formed in the substrate 71 are all P channel transistors 
(no N channel transistors). In addition, it is possible to 10 
work only on the improvement in performance of the P 
channel transistor, thereby facilitating the improvement 
in characteristics. More specifically, it is possible to more 
easily reduce the Vt voltage (approximated to nearO (V)) 
and the Vt variation, in comparison with the CMOS 15 
structure which uses both P and N channel transistors. 
[0726] As shown in Figure 1 06, in the present inven- 
tion the gate driver 1 2 is arranged, formed, or fabricated 
on each side of the display region 50 by phase (shift 
register). In the description, the gate driver 12 and the 20 
other components including the pixel's 1 6 transistor are 
formed or constructed by means of low-temperature 
polysilicon technology in which the process temperature 
does not exceed 450 degrees Centigrade; however, this 
arrangement should not in any way be deemed restric- 25 
tive. For example, high-temperature polysilicon technol- 
ogy (process temperature: above 450 degrees Centi- 
grade) may be used to construct the gate driver 12. Al- 
ternatively, a TFT formed of a solid-phase grown semi- 
conductor film may be used to form the gate driver 12. 30 
The gate driver 12 is formed of an organic TFT. TFTs 
formed or constructed by amorphous silicon technology 
may be available. 

[0727] One of the gate drivers 12 is the gate driver 
12a on the selection side. The gate driver 12a applies 35 
an ON/OFF voltage to the gate signal line 1 7a and con- 
trols the pixel TFT 11. The other gate driver 12 is the 
gate driver 12b which controls or ON/OFF controls an 
electric current that flows through the EL elemental de- 
vice 15. In the exemplary embodiment of the present 40 
invention, the description has been made mainly focus- 
ing on the pixel structure of Figure 1 . However, the Fig- 
ure 1 pixel structure should not in any way be deemed 
restrictive. Needless to say, the exemplary embodiment 
of the present invention is applicable to the other pixel 45 
structures shown in Figures 50, 51 , 54 and so on. In ad- 
dition, the configuration of the gate driver 12 of the 
present invention and its drive method are able to bring 
out more characteristic effects when combined with the 
display panel, display device, or information display de- 50 
vice formed in accordance with the present invention. 
However, such effects can of course be brought out in 
different configurations. 

[0728] The following configuration/arrangement man- 
ner of the gate driver 12 is not limitedly applicable to 55 
organic EL display panels and self-luminous devices 
and may find its application in liquid crystal display pan- 
els and electromagnetic induction display panels. For 



example, in the liquid display panel the configuration or 
method of the gate driver 12 of the present invention 
may be employed as a pixel selecting switching device 
controller. In addition, in the case where two phases of 
gate drivers 12 are used, it may be arranged such that 
one phase is employed for pixel switching elemental de- 
vice selection while the other phase is brought into con- 
nection to one terminal of a retention capacitor in the 
pixel. This method is called the "independent CC drive" 
(capacitance coupling drive method). Furthermore, 
needless to say, the configuration, described in conjunc- 
tion with Figures 111, 113 and so on, can be applicable 
not only to the gate driver 1 2 but also to the shift register 
circuit of the source driver 14. 

[0729] Preferably, the gate driver 1 2 of the present in- 
vention is embodied or employed as the gate driver 12 
of each of Figures 6,13,1 6, 20, 22, 24, 26, 27, 28, 29, 
34, 37, 40, 41, 48, 82, 51, 92, 93, 103, 104, 105, 106, 
107, 108, 109 and so on. 

[0730] Referring to Figure 111, there is shown a block 
diagram of the gate driver 12 of the present invention. 
For the sake of descriptive simplicity, unit gate output 
circuits 111 of four stages are shown. However, basically 
a corresponding number of unit gate output circuits 1 1 1 
to the number of gate signal lines 17 are formed or ar- 
ranged. 

[0731] As shown in Figure 111, the gate driver 12 
(1 2a, 1 2b) is provided with signal terminals, namely four 
clock terminals (SCK0, SCK1 , SCK2, and SCK3), a sin- 
gle start terminal (data signal (SSTA)), and two inverting 
terminals (DIRA and DIRB for application of a reverse- 
phase signal). In addition, it further comprises an L pow- 
er supply terminal (VBB) and an H power supply termi- 
nal (Vd) which are power supply terminals. 
[0732] Since the gate driver 12 of the present inven- 
tion is formed using only P channel TFTs (transistors), 
this makes it impossible for a level shifter circuit (which 
is a circuit operable to convert a logic signal of low volt- 
age level into a logic signal of high voltage level) to be 
built in the gate driver. To cope with this, the level shifter 
circuit is arranged or formed in the power supply circuit 
(IC) 1 091 as shown in for example Figure 1 09. The pow- 
er supply circuit (IC) 1091 is operable to generate volt- 
ages at potentials necessary for the ON voltage (selec- 
tion voltage) of the pixel's 16 TFT and the OFF voltage 
(non-selection voltage) of the pixel's 1 6 TFT, the gener- 
ated voltages being outputted from the gate driver 12 to 
the gate signal line 17. Accordingly, the voltage resist- 
ance process of a semiconductor of which the power 
supply IC (circuit) 1 091 is formed has resistance to high 
voltage. Therefore, it is convenient that logic signals are 
level shifted (LSed) in the power supply IC 1091. Ac- 
cordingly, a control signal for the gate driver 12 output- 
ted from a controller (not shown) is fed to the power sup- 
ply IC 1 091 , is level shifted, and is delivered to the gate 
driver 12 of the present invention. A control signal for 
the source driver circuit 14 outputted from a controller 
(not shown) is fed directly to the source driver 1 4 of the 
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present invention, because no level shifting is required. 
[0733] The present invention is not limited to such an 
arrangement that all transistors which are formed in the 
array substrate 71 are P channel transistors. If the gate 
driver 12 is made up of P channel transistors as will be 
described later (see Figures 111 and 113), this makes it 
possible to make picture frames slim. For the case of a 
2.2-inch QCIF panel, the width of the gate driver 12 is 
600 jiim when employing a 6-|um design rule. Even when 
counting in the routing of power supply interconnection 
lines of the gate driver 12, the width is 700 jum. If the 
same circuitry is fabricated by CMOS (N and P channel 
transistors), the width is 1.2 mm. Therefore, if the gate 
driver 12 is formed of P channel transistors, this pro- 
vides a characteristic effect such as picture-frame slim- 
ing. 

[0734] In addition, if the pixel 16 is made up of a P 
channel transistor, this provides excellent matching with 
the gate driver 12 formed by a P channel transistor. The 
P channel transistors (TFT 11b, TFT 1 1 c, TFT 1 1 d in the 
pixel configuration of Figure 1) are turned on by an L 
voltage. On the other hand, the selection voltage of the 
gate driver 1 2 is also the L voltage. As can be seen from 
the configuration shown in Figure 113, the P channel 
gate driver provides excellent matching if the selection 
level is the L level. This is because the L level cannot 
be held for a long period of time. On the other hand, the 
H voltage can be held for a long period of time. 
[0735] In addition, if the drive TFT (the TFT 1 1 a in Fig- 
ure 1) operable to supply an electric current to the EL 
elemental device 15 is also formed by a P channel tran- 
sistor, this makes it possible to form a cathode of the EL 
elemental device 15 into a solid electrode made of a 
metal thin film. Besides, it is possible to cause an electric 
current to flow from the anode potential Vdd toward the 
EL elemental device 15 in the forward direction. In view 
of the above, it is advisable that the transistor of the pixel 
1 6 is a P channel transistor and the transistor of the gate 
driver 12 is also a P channel transistor. As can be seen, 
the arrangement, in which the transistor constituting the 
pixel 16 of the present invention (such as a drive TFT 
and a switching TFT) is implemented by a P channel 
transistor and the transistor of the gate driver 12 is im- 
plemented by a P channel transistor, is not just a matter 
of design. 

[0736] In view of this point, the level shifter (LS) circuit 
may be formed directly in the substrate 71. In other 
words, the level shifter (LS) circuit is formed by N and 
P channel transistors. A logic signal from the controller 
(not shown) is so pulled up as to conform to the logic 
level of the gate driver 12 formed of P channel transis- 
tors by the level shifter directly formed in the substrate 
71 . The logic voltage thus pulled up is applied to the gate 
driver 12. 

[0737] It may be arranged such that the level shifter 
circuit is formed by a semiconductor chip and is COG- 
mounted onto the substrate 71. In addition, the source 
driver 14 is basically formed of a semiconductor chip 



and is COG-mounted onto the substrate 71, as shown 
in Figure 109. However, the arrangement that the 
source driver 14 is formed of a semiconductor chip 
should not in any way be deemed restrictive. For exam- 
5 pie, the source driver 14 is formed directly in the sub- 
strate 71 by a polysilicon technique. If the transistor 11 
constituting the pixel 16 is formed of a P channel tran- 
sistor, a program current flows from the pixel 16 to the 
source signal line 1 8. Accordingly, it is required that the 
unit current circuit 634 of the source driver (see for ex- 
ample Figures 73 and 74) be formed of an N channel 
transistor. In other words, the source driver 1 4 is so cir- 
cuit-configured as to draw in the program current Iw. 
[0738] Accordingly, in the case where the drive TFT 
11a of the pixel 16 (Figure 1) is implemented by a P 
channel transistor, the unit current source 634 is formed 
by an N channel transistor so that the source driver 14 
draws in the program current Iw. When forming the 
source driver 1 4 in the array substrate 71 , it is required 
for using both an N channel mask (process) and a P 
channel mask (process). Conceptually speaking, the 
pixel 16 and the gate driver 12 are each formed by a P 
channel transistor and the transistor of the drawing-in 
current source of the source driver is formed by an N 
channel transistor, in the display panel (display device) 
of the present invention. 

[0739] For the sake of descriptive simplicity, in the ex- 
emplary embodiment of the present invention the de- 
scription has been made using the pixel configuration of 
Figure 1 by way of example. However, the technical idea 
of the present invention that the selection transistor of 
the pixel 16 (the TFT 11c in Figure 1) is formed by a P 
channel transistor and the gate driver 12 is formed by a 
P channel transistor, is not limited to the pixel configu- 
ration of Figure 1 . For example, it is needless to say that 
the technical idea of the present invention is applicable 
to a current mirror pixel configuration of the current driv- 
en type as shown in Figure 42. Besides, the technical 
idea of the present invention is applicable to the two 
TFTs as shown in Figure 62 (the TFT 1 1 b (selection tran- 
sistor) and the TFT 11a (drive transistor) ) in the pixel 
configuration of the current driven type. It is of course 
applicable to the configuration of the gate driver 1 2 (Fig- 
ures 1 1 1 and 1 1 3) and it is possible to form a device by 
combination. Accordingly, the above-described ar- 
rangement and the following arrangements that will be 
described below are not limited to the pixel configura- 
tion. 

[0740] Furthermore, the arrangement, in which the 
selection transistor of the pixel 1 6 is formed by a P chan- 
nel transistor and the gate driver is formed of a P chan- 
nel transistor, is not limited to self-luminous devices (dis- 
play panels or display apparatus) such as organic EL 
elemental devices. For example, such arrangement is 
applicable to liquid crystal display devices. 
[0741] The inverting terminals (DIRA, DIRB) are sup- 
plied a signal common for all the unit gate output circuits 
1 1 1 1 . As can be seen from the equivalent circuit diagram 
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of Figure 113, the inverting terminals (DIRA, DIRB) are 
fed voltage values that are of opposite polarity. In addi- 
tion, when inverting the direction of scanning of the shift 
register, the polarity of the voltages applied to the invert- 
ing terminals (DIRA, DIRB) is inverted. 5 
[0742] In the circuit configuration of Figure 111, the 
number of clock signal lines is four. The arrangement 
that the number of clock signal lines is four is optimal 
for the present invention; however, this arrangement 
should not in any way be deemed restrictive. The 10 
number of clock signal lines may be not more than four 
or not less than four. 

[0743] The inputting of the clock signals (SCKO, 
SCK1 , SCK2, SCK3) differs among the neighboring unit 
gate output circuits 1111. For example, in the unit gate 15 
output circuit 1111a, the clock signal SCKO is inputted 
to the terminal OC and the clock signal SCK2 is inputted 
to the terminal RST This state is the same as in the unit 
gate output circuit 1111c. In the unit gate output circuit 
1111b (the next-stage unit gate output circuit) next to the 20 
unit gate output circuit 1 1 1 1 a, the clock signal SCK1 is 
inputted to the terminal OC and the clock signal SCK3 
is inputted to the terminal RST. To sum up, the inputting 
of the clock signals is made different alternately from 
one unit gate output circuit to another. More specifically, 25 
in the first stage unit gate output circuit 1111a, the clock 
signal SCKO is inputted to the terminal OC and the clock 
signal SCK2 is inputted to the terminal RST. In the sec- 
ond stage unit gate output circuit 1 1 1 1 b, the clock signal 
SCK1 is inputted to the terminal OC and the clock signal 30 
SCK3 is inputted to the terminal RST. In the third stage 
unit gate output circuit 1111c, the clock signal SCKO is 
inputted to the terminal OC and the clock signal SCK2 
is inputted to the terminal RST. 

[0744] Referring to Figure 113, there is shown a circuit 35 
configration of the unit gate output circuit 1111, which is 
composed of only P channel transistors. Figure 1 1 4 is a 
timing chart serving to provide a description of the circuit 
configuration of Figure 113. Figure 112 shows a timing 
chart for a plurality of stages of Figure 1 1 3. Accordingly, 40 
the entire operation can be understood by understand- 
ing Figure 113. The timing chart of Figure 114 provides 
a better understanding of the operation than written de- 
scription (see the equivalent circuit diagram of Figure 
1 1 3). Therefore, detailed description of the operation of 45 
each transistor is omitted accordingly. 
[0745] If only P channel transistors are used to form 
a driver circuit configuration, it is basically possible to 
maintain the gate signal line 17 at HIGH level (the volt- 
age Vd in Figure 113). However, it is difficult to maintain, 50 
for a long period of time, the gate signal line 1 7 at LOW 
level (the voltage VBB in Figure 113). Butthe gate signal 
line 17 can sufficiently be held at LOW level for a short 
period of time during, for example, pixel row selection. 
By the signal inputted to the IN terminal and the SCK 55 
clock signal inputted to the RST terminal, n1 is varied 
and n2 is placed in the inverted signal state of n1. Al- 
though the potential of n2 and the potential of n4 are 



identical in polarity with each other, the level of potential 
of n4 is reduced to a further extent by the SCK clock 
signal inputted to the OC terminal. The Q terminal is held 
at LOW level during the period in response to the re- 
duced level and the ON voltage is outputted from the 
gate signal line 1 7. The signal outputted to the SQ or Q 
terminal is transferred to the next-stage unit gate output 
circuit 1111 . 

[0746] By controlling the timing of signals applied at 
the IN (INA, INb) terminals and at the clock terminals in 
the circuit configurations shown in Figures 1 1 1 and 1 1 3, 
it is possible to realize both a state in which a single gate 
signal line 1 7 is selected as shown in Figure 1 1 5(a) and 
a state in which two gate signal lines 1 7 are selected as 
shown in Figure 115(b) with the same circuit configura- 
tion. In the gate driver 12a on the selection side, the 
method, shown in Figure 115(a), is a drive method in 
which a single pixel row (51a) is selected at the same 
time (normal drive). The selection pixel row is shifted by 
row. Figure 115(b) shows a configuration for selecting 
two pixel rows. This drive method is a drive method 
(which has been described with reference to Figures 27 
and 28) for simultaneously selecting a plurality of pixel 
rows (51a, 51b) (dummy pixel row configuration meth- 
od). The selection pixel row is shifted by pixel row and, 
in addition, two pixel rows next to each other are select- 
ed at the same time. Particularly, in the drive method of 
Figure 1 1 5(b), the pixel row 51 b is pre-charged with re- 
spect to a pixel row (51 a) that holds a final video image. 
Accordingly, the pixel 1 6 is easily written. In other words, 
in accordance with the present invention, switching be- 
tween the two drive methods is realized by the signals 
applied to the terminals. Figure 115(b) shows a method 
in which pixel rows 16 that are next to each other are 
selected. Alternatively, it may be arranged such that, as 
shown in Figure 1 1 6, pixel rows 1 6 that are not next each 
other are selected. Figure 1 1 6 shows an exemplary em- 
bodiment in which a pixel row and another situated three 
rows away are selected. In the Figure 13 configuration, 
control is performed by a group of four pixel rows. It is 
possible to perform control so that either one of the four 
pixel rows is selected or two consecutive pixel rows are 
selected. This is a constraint by the arrangement that 
the number of clock signal (SCK) lines that are used is 
four. When the number of clock signal (SCK) is eight, 
this makes it possible to perform control by a group of 
eight pixel rows. 

[0747] The operation of the gate driver 1 2a on the se- 
lection side is the operation of Figure 115. As shown in 
Figure 115(a), a single pixel row is selected. Then, the 
selection position is shifted by one pixel row in synch 
with the horizontal synchronization signal. In addition, 
as shown in Figure 1 1 5(b), two single pixel rows are se- 
lected. Then, the selection position is shifted by one pix- 
el row in synch with the horizontal synchronization sig- 
nal. 

[0748] Next, description will be made of an embodi- 
ment of an electronic apparatus incorporating the EL 



81 



161 



EP 1 450 341 A1 



162 



display panel of the present invention. Figure 57 is a 
plan view of a mobile phone as an example of a personal 
digital assistant. The mobile phone shown includes a re- 
ceiver and a speaker. Casing 573 is provided with an 
antenna 571 , a numeric key pad 572 and the like. Keys 5 
572a to 572e include a display color switching key, a 
power on-off key and a frame rate changing key. 
[0749] A sequence may be formed such that depress- 
ing the display color switching key once will turn the dis- 
play into a 8-color mode, depressing the same key again 10 
subsequently will turn the display into a 256-color mode, 
and further depressing the same key will turn the display 
into a 4096-color mode. The key is a toggle switch op- 
erative to change the display color mode upon every de- 
pression. Change keys corresponding to display colors 15 
may be provided separately. In this case, there are three 
(or more) display color switching keys. 
[0750] The display color switching key may be anoth- 
er mechanical switch, such as a slide switch, instead of 
a push switch. Alternatively, it is possible to employ an 20 
arrangement for switching the display color based on 
voice recognition. Such an arrangement is possible that 
the display color on the display screen 50 of a display 
panel is changed in response to a voice inputting of, for 
example, "4096-color display", "high-definition display", 25 
"256-color mode" or "low display color mode" to the re- 
ceiver. This arrangement can be realized easily by uti- 
lizing the current voice recognition technology. 
[0751] The switching of display color may be made 
using an electrical switch or a touch panel for the user 30 
to select a desired item from a menu displayed in the 
display section 21 of the display panel by touching. Al- 
ternatively, it is possible to employ such an arrangement 
that the display color is changed as the number of de- 
pressions on the switch varies or as the rotation and the 35 
direction vary like a click ball. 

[0752] Instead of the aforementioned display color 
switching key, a key for changing the frame rate or the 
like may be used. A key for switching between motion 
picture display and stationary image display may be 40 
used. It is possible to employ such an arrangement as 
to change plural conditions such as the frame rates of 
motion picture display and stationary image display. Al- 
so, it is possible to employ such an arrangement as to 
gradually vary the frame rate by being continuously de- 45 
pressed. This arrangement can be realized by using a 
variable resistor or an electronic volume for resistor R 
of an oscillator comprising capacitor C and the resistor 
R, or by using a trimmer capacitor for the capacitor C. 
Such an arrangement may be realized using a circuit in 50 
which one or more capacitors selected from plural ca- 
pacitors formed on a semiconductor chip are connected 
in parallel. 

[0753] The technical concept of varying the frame rate 
based on the display color is applicable not only to mo- 55 
bile phones but also to various apparatus of the type 
having a display screen such as palm-top computers, 
notebook PCs, desk-top PCs and portable clocks. This 



concept is applicable not only to organic EL display pan- 
els but also to liquid crystal display panels, transistor 
panels, PLZT panels, CRTs and the like. 
[0754] Though not shown in Figure 57, the mobile 
phone according to the present invention has a CCD 
camera on the rear side of the casing 573. An image 
taken by this CCD camera can be immediately dis- 
played on display screen 50 of the display panel. The 
data on the image taken by the CCD camera can be 
displayed on display screen 50. The image data taken 
by the CCD camera can be displayed in different display 
color modes such as 24-bit mode (16,700,000 colors), 
18-bit mode (260,000 colors), 16-bit mode (65,000 
colors), 1 2-bit mode (4,096 colors), and 8-bit mode (256 
colors), which can be switched one from another by in- 
putting through the key 572. 

[0755] When the display data is data of 12 bits or 
more, the error diffusion process is performed before it 
is display. That is, when image data from the CCD cam- 
era exceeds the capacity of internal memory, image 
processing including the error diffusion process and the 
like is performed so that the number of colors to be dis- 
played will correspond to a capacity lower than the ca- 
pacity of the internal image memory. 
[0756] Now, reference is made to the case where 
source driver 14 is provided with internal RAM adapted 
for 4,096 colors (4 bits for each of R, G and B) per 
screen. In the case where image data fed from outside 
of the module is 4,096-color data, the data is stored di- 
rectly into the internal image RAM and then read out of 
the internal image RAM for the image to be displayed 
on display screen 50. 

[0757] In the case where image data is 260,000-color 
data (16-bit data comprising 6 bits for G and 5 bits for 
each of R and B), the image data is temporarily stored 
into the operational memory of an error diffusion con- 
troller while, at the same time, being subjected to the 
error diffusion process or dither process performed by 
an operational circuit. Such an error diffusion process 
or the like converts the 16-bit image data into 12-bit data, 
the number of bits of which is equal to that of the internal 
image RAM. The data thus converted is transferred to 
source driver 14, which in turn outputs image data hav- 
ing 4 bits for each of R, G and B (4,096 colors) to display 
the image on display screen 50. 
[0758] An embodiment employing the EL display pan- 
el or EL display apparatus or the driving method accord- 
ing to the present invention will be described with refer- 
ence to the drawings. 

[0759] Figure 58 is a sectional view of a view finder 
according to the embodiment of the present invention. 
Figure 58 illustrates the view finder schematically for 
easy explanation. In this figure there are portions en- 
larged or reduced in scale, or omitted. For example, an 
eyepiece cover is omitted from Figure 58. This holds 
true for other figures. 

[0760] Body 573 has a reverse surface in a dark or 
black color. This is for preventing stray light emitted from 
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EL display panel (display apparatus) 574 from diffuse 
reflection at an internal surface of body 573. On the light- 
emitting side of the display panel are located phase 
plate (A/4 plate or the like) 108, sheet polarizer 109 and 
the like. These components have been described with 
reference to Figs. 1 0 and 1 1 . 

[0761] Magnifying lens 582 is fitted to eyepiece ring 
581 . The observer adjusts the position of the eyepiece 
ring 581 inserted in the body 573 so that image 50 dis- 
played by the display panel 574 may be brought into fo- 
cus. 

[0762] If convex lens 583 is disposed on the light- 
emitting side of the display panel 574 when need arises, 
a principal ray incident on the magnifying lens 582 can 
be converged. Therefore, it is possible to reduce the di- 
ameter of the magnifying lens 582, hence, downsize the 
view finder. 

[0763] Figure 59 is a perspective view of a digital vid- 
eo camera. The video camera includes shooting (image 
pickup) lens section 592 and a digital video camera body 
573, the shooting lens section 592 and the view finder 
section 573 being positioned back to back. The view 
finder 573 (see Figure 58 also) is fitted with an eyepiece 
cover. The observer (user) observes display section 50 
of the display panel 574 from the eyepiece cover sec- 
tion. 

[0764] The display section 50, which is the EL display 
panel of the present invention, is also used as a display 
monitor. The angle of the display section 50 can be ad- 
justed about a fulcrum 591 as desired. When not in use, 
the display section 50 is put in a storage section 593. 
[0765] A switch 594 is a change-over switch or a con- 
trol switch for implementing the following functions. The 
switch 594 is a display mode change-over switch. It is 
preferable to provide a mobile phone or the like with 
switch 594. Description will be made of this display 
mode change-over switch 594. 

[0766] One of the driving methods according to the 
present invention includes feeding EL device 1 5 with an 
N-fold current for 1 /M of a 1 F period thereby causing EL 
device 15 to light for a 1/M period. The brightness of EL 
device 15 can be varied digitally by varying this lighting 
period. If N = 4 for example, EL device 15 is fed with a 
4-fold current. If the 1/M lighting period is varied by var- 
ying the value of M from 1 up to 4, the brightness can 
be varied from 1 -fold brightness up to 4-fold brightness. 
It is possible to employ an arrangement capable of var- 
ying the value of M in such a manner as M = 1 , 1 .5, 2, 
3, 4, 5, 6. 

[0767] The above-described change-over operation 
is utilized for an arrangement such as to make display 
screen 50 very bright when the mobile phone is powered 
on and, after lapse of a fixed time, lower the display lu- 
minance to save the power. The change-over operation 
may also be utilized as a function which allows the user 
to set his or her desired brightness. For example, when 
in use outdoors, the screen is made very bright, other- 
wise the screen is difficult to view due to the surrounding 



which is bright outdoors. However, if such a high-lumi- 
nance display is continued, EL device will deteriorate 
rapidly. For this reason, if such a very bright display is 
provided, an arrangement is employed such as to 

5 resume the normal luminance in a short time. Further, if 
a high-luminance display is needed, an arrangement is 
employed which allows the user to raise the display lu- 
minance by his or her depressing a button. 
[0768] Thus, it is preferable to employ an arrange- 

10 ment which allows the user to vary the brightness of the 
screen by button 594, an arrangement which is capable 
of automatically varying the brightness of the screen ac- 
cording to preset modes, or an arrangement which is 
capable of detecting the brightness of extraneous light 

15 and automatically varying the brightness of the screen 
depending on the result of detection. Also, it is prefera- 
ble to employ an arrangement which allows the user or 
the like to set the display luminance to any value, for 
example, 50%, 60% or 80%. 

20 [0769] Preferably, display screen 50 provides a Gaus- 
sian distribution display. The Gaussian distribution dis- 
play is a display having a central portion made to exhibit 
a higher luminance and a peripheral portion made rela- 
tively dark. Visually, adisplay having abrightcentral por- 

25 tion appears to be wholly bright even when the periph- 
eral portion is dark. According to subjective evaluation, 
the peripheral portion appears not to be visually inferior 
to the central portion as far as the peripheral portion 
maintains 70% of the luminance of the central portion. 

30 Not so serious a problem arises even when the lumi- 
nance of the peripheral portion is further lowered to 50% 
of the luminance of the central portion. In the display 
panel of the self-luminescence type according to the 
present invention, a Gaussian distribution is provided 

35 vertically of the screen from the upper side to the lower 
side thereof by utilizing the N-fold pulse driving method 
(which includes feeding EL device 1 5 with an N-fold cur- 
rent for 1/M of a 1 F period.) 

[0770] Specifically, the value of M is increased for the 

40 upper and lower portions of the screen and decreased 
for the central portion. This can be realized by modulat- 
ing the operation speed of the shift register of gate driver 
12. The modulation of the brightness of the screen in 
the lateral direction is made based on multiplication of 

45 table data and image data by each other. When the pe- 
ripheral luminance is lowered to 50% (with an angle of 
view of 0.9), the operation described above makes it 
possible to attain about 20% reduction in power con- 
sumption as compared to the case of 100% display lu- 

50 minance. When the peripheral luminance is lowered to 
70% (with an angle of view of 0.9), the above-described 
operation makes it possible to attain about 15% reduc- 
tion in power consumption as compared to the case of 
100% display luminance. 

55 [0771] It is preferable to provide a change-over switch 
or the like for turning on/off such a Gaussian distribution 
display. This is because the peripheral portion of the 
screen giving the Gaussian distribution display be- 
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comes invisible when the apparatus is used outdoors 
for example. For this reason, it is preferable to employ 
an arrangement which allows the user to turn on/off the 
Gaussian distribution display by a button, an arrange- 
ment which is capable of automatically switching be- 
tween on and off according to preset modes, or an ar- 
rangement which is capable of detecting the brightness 
of extraneous light and automatically switching between 
on and off depending on the result of detection. It is also 
preferable to employ an arrangement which allows the 
user to set the luminance of the peripheral portion to any 
value, for example, 50%, 60% or 80%. 
[0772] Liquid crystal display panels, in general, use a 
back light to cause a fixed Gaussian distribution to oc- 
cur. Therefore, such a Gaussian distribution cannot be 
turned on/off. The ability to turn on/off a Gassian distri- 
bution is the advantage characteristic of self-lumines- 
cence type display devices. 

[0773] In the case where the frame rate is predeter- 
mined, it is possible that flicker occurs due to interfer- 
ence between the panel and a lighting state of a fluo- 
rescent lamp located indoors or the like. When EL dis- 
play device 15 operates at a frame rate of 60 Hz while 
a fluorescent lamp is lighting with an alternating current 
of 60 Hz, there occurs slight interference, which might 
make the viewer feel the screen blinking slowly. To avoid 
this inconvenience, varying the frame rate is sufficient. 
According to the present invention, the function of var- 
ying the frame rate is additionally provided. Further, the 
N-fold pulse driving method (which includes feeding EL 
device 15 with an N-fold current for 1/M of a 1 F period) 
according to the present invention is capable of varying 
the value of N or M. 

[0774] The above-described functions can be imple- 
mented by switch 594. When depressed plural times, 
switch 594 realizes switching between the above-de- 
scribed functions according to a menu provided on dis- 
play screen 50. 

[0775] It is needless to say that the feature described 
above is applicable not only to mobile phones but also 
to television sets, monitors and the like. It is preferable 
that the display screen is provided with icons for the user 
to be capable of immediately recognizing what display 
state the current display state is. The matters described 
above hold true for the matters to be described below. 
[0776] The EL display apparatus and the like accord- 
ing to this embodiment are applicable not only to a digital 
video camera but also to a digital still camera as shown 
in Figure 60. The display apparatus is used as a monitor 
50 attached to a camera body 601. The camera body 
601 is fitted with a shutter 603 as well as switch 594. 
[0777] Though the foregoing description is directed to 
cases where the display region of a display panel is rel- 
atively small, display screen 50 as large as 30 inches or 
more is likely to warp. To deal with this inconvenience, 
the present invention provides the display panel with an 
outer frame 611 fitted therearound and a fixing member 
61 4 for hanging the outer frame 61 1 , as shown in Figure 



61. The display panel is fitted on wall or the like by 
means of this fixing member 614. 
[0778] However, the weight of the display panel in- 
creases with increasing screen size. For this reason, a 
5 leg-mounting portion 613 is provided under the display 
panel so that plural legs mounted thereon can support 
the weight of the display panel. 

[0779] The legs 612 are movable laterally as indicated 
by arrow A and are expandable/contractible indirections 

10 indicated by arrow B. For this reason, the display appa- 
ratus can be easily installed even in a narrow place. 
[0780] A television set shown in Figure 61 has a 
screen covered with a protective film (which may be a 
protective plate.) One object of such coverage is to pre- 

15 vent damage to the surface of the display panel due to 
a body hitting the surface. The protective film has an 
obverse surface formed with an Al R coat and embossed 
to inhibit unwanted reflection of external scene (extra- 
neous light) by the display panel. 

20 [0781] A fixed space is provided between the protec- 
tive film and the display panel by dispersing beads or 
the like therebetween. Further, the protective film has a 
reverse surface formed with fine projections for retaining 
the space between the display panel and the protective 

25 film. By thus retaining the space, an impact is inhibited 
to transfer from the protective film to the display panel. 
[0782] It is also effective to dispose or inject a light 
coupling agent such as alcohol or ethylene glycol in a 
liquid state, an acrylic resin in a gel state, or an epoxy 

30 resin which is a solid resin between the protective film 
and the display panel. This is because interfacial reflec- 
tion can be prevented and because the light coupling 
agent functions also as a shock absorber. 
[0783] Examples of such protective films include poly- 

35 carbonate film (plate), polypropylene film (plate), acrylic 
film (plate), polyester film (plate), and PVA film (plate). 
It is needless to say that besides these films, engineer- 
ing resin films (such as ABS) can be used. The protec- 
tive film may be formed from an inorganic material such 

40 as strengthened glass. A similar effect will be produced 
if the surface of the display panel is coated with epoxy 
resin, phenolic resin, acrylic resin or the like to a thick- 
ness of not less than 0.5 mm and not more than 2.0 mm 
instead of the provision of the protective film. Embossing 

45 the surface of such a resin coat or a like process is also 
effective. 

[0784] It is also effective that the surface of the pro- 
tective film or coating layer is coated with fluorine. This 
is because such a fluorine coat allows stain thereon to 
50 be removed easily with a detergent. The protective film 
may be formed thicker so that a front light may share 
the protective film. 

[0785] It is needless to say that combining the display 
panel according to the embodiment of the present in- 
55 vention with the three-side-free arrangement. The 
three-side-free arrangement is effective particularly 
when the pixels are manufactured utilizing the amor- 
phous silicon technology. With the panel formed utilizing 
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the amorphous silicon technology, process control for 
controlling variations in the characteristics of transistors 
is impossible. Hence, it is preferable to apply the N-fold 
pulse driving method, reset driving method, dummy pix- 
el driving method or the like according to the present 
invention to such a panel. Thus, the transistors used in 
the present invention may be formed by the amorphous 
silicon technology without limitation to those formed by 
the polysilicon technology. 

[0786] The N-fold pulse driving methods (see Figs. 
1 3, 1 6, 1 9, 20, 22, 24 and 30 and the like) and like meth- 
ods according to the present invention are effective for 
display panels of the type having transistors 11 formed 
by the amorphous silicon technology as well as for dis- 
play panels of the type having transistors 11 formed by 
the low temperature polysilicon technology. This is be- 
cause adjacent transistors 11 formed using amorphous 
silicon substantially agree to each other in characteris- 
tics. Accordingly, driving currents for individual transis- 
tors are each substantially equalized to the target value 
even when the panel is driven with the sum of currents. 
(The N-fold pulse driving methods illustrated in Figs. 22, 
24 and 30 are particularly effective for pixel configura- 
tions of the type having transistors formed utilizing 
amorphous silicon.) The technical concept described by 
way of the embodiments of the present invention is ap- 
plicable to digital video cameras, projectors, stereo- 
scopic television, projection television, and the like. The 
concept is also applicable to view finders, mobile phone 
monitors, PHSs, personal digital assistants and their 
monitors, and digital still cameras and their monitors. 
[0787] Also, the technical concept is applicable to 
electrophotographic systems, head-mounted displays, 
direct viewing monitors, notebook PCs and desktop 
PCs. Further, the concept is applicable to monitors for 
cash dispensers, and public telephones, video phones 
and watches and their displays. 

[0788] It is needless to say that the technical concept 
of the present invention can be utilized in or applied to 
development of display monitors for household appli- 
ances, pocket-size game machines and their monitors, 
back lights for display panels, lighting instruments for 
home use or industrial use, and the like. A lighting in- 
strument is preferably configured to be capable of var- 
ying the color temperature. The color temperature can 
be varied by adjustment of currents to be fed to R, G 
and B pixels if these pixels are arranged in a striped pat- 
tern or a dot-matrix pattern. The technical concept is al- 
so applicable to display apparatus for displaying adver- 
tisements or posters, RGB signals, warning display 
lights, and the like. 

[0789] The organic EL display panel is effective as a 
light source of a scanner. In this case, a dot matrix com- 
prising R, G and B pixels is used as the light source to 
illuminate a subject with light in reading the image of the 
subject. Of course, it is needless to say that such a light 
source may be designed to emit monochromatic light. 
Such a light source may be of a simple matrix configu- 



ration without limitation to an active matrix configuration. 
The image reading precision will improve if the color 
temperature can be controlled. 

[0790] Also, the organic EL display apparatus is ef- 
5 fective as the back light of a liquid crystal display device. 
The color temperature can be varied by adjustment of 
currents to be fed to R, G and B pixels of the EL display 
apparatus (back light) if these pixels are arranged in a 
striped pattern or a dot-matrix pattern. In this case, the 
brightness can also be controlled easily. Moreover, 
since the ELdisplay apparatus is a surface-emitting light 
source, it can easily realize a Gaussian distribution in 
which a central portion of the screen is made relatively 
bright whereas a peripheral portion of the screen made 
relatively dark. The EL display apparatus is also effec- 
tive as the back light of a liquid crystal display panel of 
the field sequential type which performs scanning with 
R, G and B rays alternately. The EL display apparatus 
can also be used as the back light of a liquid crystal dis- 
play panel or the like adapted for motion picture display 
if black is inserted even when the back light blinks. 
[0791 ] It should be noted that EL device 1 5 is regard- 
ed as an OLED in the present invention and represented 
using the symbol of diode in the drawings such as Figure 
1. However, EL device 15 according to the present in- 
vention is not limited to the OLED but may be of any 
type which controls its luminance based on the amount 
of current passing through EL device 1 5. An example of 
such a device is an inorganic EL device. Other examples 
include a white light emitting diode comprising a semi- 
conductor, and a common light-emitting diode. A light- 
emitting transistor can serve the purpose. Device 15 
does not necessarily call for rectification. Therefore, de- 
vice 15 may be a bidirectional diode. 
[0792] It will be apparent from the foregoing descrip- 
tion that many improvements and other embodiments 
of the present invention occur to those skilled in the art. 
Therefore, the foregoing description should be con- 
strued as an illustration only and is provided for the pur- 
pose of teaching the best mode for carrying out the 
present invention to those skilled in the art. The details 
of the structure and/or the function of the present inven- 
tion can be modified substantially without departing from 
the spirit of the present invention. 

Industrial Applicability 

[0793] The EL display apparatus according to the 
present invention is useful as the display section of a 
thin television set, digital video camera, digital still cam- 
era, mobile phone or the like. 



Claims 

1 . An electroluminescent (EL) display device compris- 
ing: a plurality of source signal lines; a plurality of 
EL elemental devices, each capable of the emission 
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of light at a brightness corresponding to a current 
supplied via said source signal line; and a source 
driver which supplies a current corresponding to a 
gray scale of an image to said EL elemental device 
via said source signal line, 

said source driver comprising: 

reference signal generating means which gen- 
erates reference signals, 
a first current source which outputs a reference 
signal generated by said reference signal gen- 
erating means in electric current form, and 
a plurality of second current sources provided 
in association with said source signal lines, 
each of said plurality of second current sources 
being configured such that a reference signal 
outputted by said first current source is trans- 
ferred in voltage form, 

wherein a current according to said image 
gray scale is generated by the use of a reference 
signal held by each of said second current sources. 

2. The EL display device as set forth in claim 1 , 

wherein a plurality of unit transistors, each of 
said unit transistors being so configured as to output 
said reference signal in electric current form when 
selected, are connected to each of said second cur- 
rent sources, 

wherein said source driver is so configured as 
to select one or more of said unit transistors accord- 
ing to said image gray scale, and 

wherein said EL display device is configured 
such that both a relational expression of 40 < K/ 
(St) 1/2 and a relational expression of St < 300, 
where K indicates the number of representable gray 
scales and St (square micrometers) indicates the 
size of said unit transistor, are satisfied. 

3. The EL display device as set forth in claim 1 , where- 
in said plural second current sources are formed in 
a region the area of which does not exceed 2 square 
millimeters. 

4. The EL display device as set forth in claim 1 , where- 
in said source driver is provided with a light shield- 
ing film for preventing said first and second current 
sources from being illuminated with rays of light 
emitted from said EL elemental device. 

5. An electroluminescent (EL) display device compris- 
ing: a plurality of source signal lines; a plurality of 
EL elemental devices, each capable of the emission 
of light at a brightness corresponding to a current 
supplied via said source signal line; and a source 
driver which supplies a current corresponding to a 
gray scale of an image to said EL elemental device 
via said source signal line, 



said source driver comprising: 

a first current output circuit, made up of a plu- 
rality of unit transistors each operable to output 
5 a first unit current, for outputting to said EL el- 

emental device a desired current by the combi- 
nation of said first unit currents, and 
a second current output circuit, made up of a 
plurality of unit transistors each operable to out- 
10 put a second unit current greater than said first 

unit current, for outputting to said EL elemental 
device a desired current by the combination of 
said second unit currents, 

15 wherein, when a gray scale to be displayed is 

lower than a predetermined gray scale, said first 
current output circuit is so operated as to output a 
corresponding current for said gray scale to be dis- 
played, while, when a gray scale to be displayed is 
20 higher than said predetermined gray scale, said 
second current output circuit is so operated as to 
output a corresponding current for said gray scale 
to be displayed, and wherein said EL display device 
is configured such that said first current output cir- 
25 cuit outputs a given current. 

6. The EL display device as set forth in claim 5, where- 
in the magnitude of said second current is not less 
than four times nor more than eight times the mag- 

30 nitude of said first current. 

7. The EL display device as set forth in claim 5, where- 
in said source driver is provided with a light shield- 
ing film for preventing said first and second current 

35 output circuits from being illuminated with rays of 
light emitted from said EL elemental device. 

8. Electronic equipment which is provided with an EL 
display device as set forth in claim 2 and which is 

40 so configured as to output an image signal to said 
EL display device. 

9. An electroluminescent (EL) display device compris- 
ing: 

45 

a display region in which EL elemental devices 
are arranged in a matrix, and 
a source driver which supplies in electric cur- 
rent form a video signal to said EL elemental 
50 device, 

said source driver comprising: 

reference current generating means which 
55 generates a reference current, 

a first current source which is fed a reference 
current from said reference current generating 
means and which outputs a first current corre- 
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sponding to said reference current, 
a second current source which is fed a first cur- 
rent outputted from said first current source and 
which outputs a second current corresponding 
to said first current, 5 
a third current source which is fed a second cur- 
rent outputted from said second current source 
and which outputs a third current correspond- 
ing to said second current, and 
a plurality of unit current sources each of which 10 
is fed a third current outputted from said third 
current source, and outputs to said EL elemen- 
tal device a unit current corresponding to said 
third current in response to input image data. 



10. An electroluminescent (EL) display device compris- 
ing: 

a display region in which EL elemental devices 
are arranged in a matrix, and 
a source driver which supplies in electric cur- 
rent form a video signal to said EL elemental 
device, 

wherein said source driver has a plurality of 
unit transistors, 

wherein said unit transistor is so configured 
as to output, when selected, a unit current corre- 
sponding to the magnitude of an input video signal, 
and 

wherein said EL display device is configured 
such that both a relational expression of 40 < K/ 
(St) 1/2 and a relational expression of St < 300, 
where K indicates the number of representable gray 
scales and St (square micrometers) indicates the 
size of said unit transistor, are satisfied. 

1 1 . An electroluminescent (EL) display device compris- 
ing: 

a display region in which EL elemental devices 
are arranged in a matrix, and 
a source driver which supplies in electric cur- 
rent form a video signal to said EL elemental 
device, 

wherein said source driver has a transistor 
group made up of a first transistor and a plurality of 
second transistors in current-mirror connection with 
said first transistor, and 

wherein said transistor group is formed in a 
region the area of which does not exceed 2 square 
millimeters. 

12. The EL display device as set forth in claim 11 , 

wherein said first transistor is made up of a 
plurality of unit transistors, and 

wherein said plural unit transistors are formed 



in a region the area of which does not exceed 2 
square millimeters. 

13. An electroluminescent (EL) display device compris- 
ing: 

a display region in which pixels each having a 
respective EL elemental device are arranged in 
a matrix, and 

a transistor elemental device formed in said pix- 
el, 

a gate driver for the ON/OFF control of said 
transistor elemental device, and 
a source driver for supplying a video signal to 
said transistor elemental device, 

wherein said gate driver is formed by a P 
channel transistor, 

wherein said transistor formed in said pixel is 
20 a P channel transistor, and 

wherein said source driver is formed by a 
semiconductor chip. 

14. An electroluminescent (EL) display device compris- 
es ing: 

a display region in which an EL elemental de- 
vice, a drive transistor, a first switching elemen- 
tal device which establishes a path between 
30 said drive transistor and said EL elemental de- 

vice, and a second switching elemental device 
which establishes a path between said drive 
transistor and a source signal line, 
a first gate driver for the ON/OFF control of said 
35 first switching elemental device, 

a second gate driver for the ON/OFF control of 
said second switching elemental device, and 
a source driver which applies a video signal to 
said transistor elemental device, 

40 

wherein said gate driver is formed by a P 
channel transistor, 

wherein a transistor formed in a pixel and said 
switching elemental devices are P channel transis- 
45 tor elemental devices, and 

wherein said source driver is formed by a 
semiconductor chip. 

15. The EL display device as set forth in either claim 13 
50 or claim 14, wherein said source driver outputs a 

video signal in electric current form. 

16. The EL display device as set forth in either claim 13 
or claim 1 4, wherein said gate driver performs shift- 

55 ing operations by four clock signals. 



35 



40 
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This International Searching Authority found multiple inventions in this international application, as follows: 
An EL display apparatus having a source driver is not novel (see JP 11- 282419 
A (NEC Corp.) 1999. 10. 15) . This subject matter does not overcome the prior 
art and is therefore not a special technical feature in the meaning of the 
second sentence of PCT Rule 13. 2. Claims 1-4, 9 define the invention "a source 
driver comprising a first current source for outputting a reference signal 
generated by a reference signal generating means in the form of current and 
a second current source so constituted as to deliver the reference signal 
outputted by the first power source". Claims 5-8 define the invention " a 
device comprising a first current output circuit which includes unit transistors 
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2. | "| As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. [ | As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is 

restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | [ The additional search fees were accompanied by the applicant's protest. 

| x | No protest accompanied the payment of additional search fees. 



Form PCTYISA/210 (continuation of first sheet (I)) (July 1998) 



207 



EP 1 450 341 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/09668 



Continuation of Box No. II of continuation of first sheet(l) 

each for outputting a first unit current and outputs a desired current 
to an EL device by combining the first unit currents and a second current 
output circuit which includes unit transistors each for outputting a 
second unit current larger than the first unit current and outputs a 
desired current to the EL device by combining the second unit currents". 
Claim 10 defines the invention "a source driver having unit transistors 
for outputting unit currents when selected according to an inputted video 
signal. Claims 11, 12 define the invention "a source driver having a 
group of transistors comprising a first transistor and a second transistor 
current-mirror-connected to the first transistor" . Claims 13-16 define 
the invention "comprising a display area with a matrix of pixels having 
EL devices, transistor devices formed in the pixels, gate drivers for 
on-of f control of the transistor devices , and source drivers for supplying 
video signals to the transistor devices " . These five groups of inventions 
are not so linked as to form a single general inventive concept. 
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